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EDITORIAL 


TOWARD A SPACE PROGRAM FOR CANADA 


i: Ast August a committee headed by the British Inter- 

planetary Society was formed to assess the possibili- 
ties of a Commonwealth space program. The idea 
appears to be to provide a third contender alongside the 
United States and the U.S.S.R. The limitations of the 
U.K. and of Canada individually, both in scientific and 
economic capacity, are thought to be circumvented by 
means of such a Commonwealth-wide effort. The idea 
is an attractive one and appeals strongly to Canadian 
sentiment. It has already had some repercussions in the 
Canadian press. But the glamour of the notion may 
diminish somewhat in the face of practical considerations. 


Firstly, there is the suspicion that the economic 
capacity of the Commonwealth might be sorely bur- 
dened by a go-it-alone space program. Canada’s current 
reappraisal of its air defence policy supports this sus- 
picion. Even if the cost per satellite launching — suc- 
cessful or otherwise — were no more than the three 
million dollars suggested (according to reports) by Dr. 
Dryden, Deputy Director of the U.S. National Aero- 
nautics and Space Administration, the cost of a program 
in conjunction with the supporting services would be 
extremely high. 


Secondly, geography is against the Commonwealth 
plan. Traditionally Canadian aeronautical research and 
dev velopment has been interwoven more closely with the 
American scene than with the British. This started with 
J. A. D. McCurdy and the Silver Dart and has extended 
to the present time. For example, models of the Arrow 
Were extensively tested in a number of U.S. wind tun- 
nels; the Iroquois was exhaustively tested in the 
N. A. C.A. Lewis Flight Propulsion Laboratory; technical 
consultations were held as needed on both sides of the 
border. All this has been largely a matter of physical 
propinquity. 

As a potentially workable alternative to a Common- 
Wealth program, therefore, 1 would suggest Canadian- 
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American cooperation in a single space endeavour with 
Canadian overtones. The single space program is, of 
course, the U.S. enterprise already under way. The over- 
tones would arise from a supplementary Canadian effort 
of appropriate scope; an extension of the present IGY 
activities and the additions of others. Under U.S. law, 
Canadian firms may already compete with American 
firms for defence contracts. This policy and its adminis- 
tration should be broadened by negotiation to permit 
Canadian firms to compete, even as prime contractors, 
in the United States space program. 

An augury for a more favourable atmosphere within 
the United States may perhaps be inferred from the ap- 
pointment of Henry E. Billingsley in January to fill the 
newly created position of Director, Office of Inter- 
national Cooperation in the National Aeronautics and 
Space Administration. “He will coordinate NASA’s re- 
search and development programs with those of other 
nations and_ international organizations” (Aviation 
Week, Jan. 12, 1959). If its function is correctly stated, 
the new Office should serve as a point of contact for 
Canadian interests. 

Dr. G. N. Patterson’s proposed National Committee 
for Space Technology (Canadian Aeronautical Journal, 
Sept. 1958), if created, could provide a starting point 
for the implementation of these ideas. It could organize 
the supplementary Canadian space program, “advis (ing) 
engineers and scientists of the areas where research and 
development might be attempted”. It could present con- 
crete proposals to the government. And, finally, by co- 
ordinating the overall Canadian space effort, it could 
maintain a degree of autonomy even though that effort 
were integrated with the American program. 


Dr. H. S. Risner, 
Chairman, Astronautics Section 
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T HE designer, manufacturer and purchaser of a pro- 
duct have a common interest in its performance and 
reliability under the conditions which may be encoun- 
tered during its working life. As equipment becomes 





more complex, with increasing numbers of functional by 

components, and as operating conditions become more Th 
severe, economical methods of providing advance as- 
surance of satisfactory service are required. In many 

fields, it is no longer tolerable to endure equipment IN] 

failure or sub-standard performance for the extended T 
period of time necessary to establish corrective measures 

based on service history. ove 
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The increasing demand for environmental testing is ped 
the outcome of recognition of the immense savings in ] sinc 
time and material which result from the rigorous pre- res} 
qualification of new and modified designs in advance of J rod 
large-scale production and service experience. Through } usu 
component and assembly evaluation .testing and the | and 
analysis of modes of failure, the designer acquires vastly } wid 
improved control over the end product. Qualification F con 
and acceptance tests to standard or special specifications § this 





Figure 1 
Canadair’s new environmental laboratory building 


provide the essential assurance of serviceability. of : 
To meet the growing need for fully equipped en- [gen 
vironmental facilities capable of serving industry, edu- | feel 


cational institutions, research establishments and govern- § tors 
ment agencies, Canadair has built a new, specially § ben, 
designed laboratory, shown in Figure 1, to house its syst 
environmental work. The building is now complete and 
will be in full operation by April, 1959. HYD 
Testing capability covers climatic conditions, vibra- u 
tion, shock, and acceleration. An equipment layout vari 
model is shown in Figure 2. Supporting facilities include of t 
laboratories specializing in instrumentation, hydraulics § mr 
and pneumatics, and test equipment development, plus _ 
model shops and a standards laboratory. Among the — tems 
advanced features of the laboratory are a centrifuge J junc 
with a radius arm of 12 ft, shown in model form in § engi 
Figure 3, and a refined data tape system for data re § pum 
duction, playback and transcription for automatic pro Supp 
gramming. insta 
Through evaluation testing for selection of compon § the 
ents, development testing to determine serviceability and § inbo. 
design weaknesses or limits, and qualification testing ® § many 
specifications, an environmental laboratory provides oper 
practical and economical solutions to the problems ot & the t 
quality and reliability in development and production. — 
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THE ROLE OF ELECTRICAL ACTUATING 
SYSTEMS IN SUPPLEMENTING SEAMASTER 
FLIGHT CONTROLSt 


by H. C. Zachmann* 


The Martin Company 


INTRODUCTION 


7" Martin SeaMaster (Figure 1) is a large aircraft 
of some 160,000 Ib gross weight, having a speed of 
over 600 mph. The primary flight control systems are 
all actuated by hydraulic cylinders. A stabilizer-elevator 
combination is used for longitudinal control. Four spoil- 
ers arranged in groups consisting of inboard and out- 
board pairs are located on the wings for lateral control, 
and directional control is accomplished by a rudder. 
Hydraulic position type servos are located near each 
control surface and are connected by cables to the ap- 
propriate control column, control wheel, or rudder 
pedals in the cockpit. Proportional control is attained 
since the positions of the surfaces are fed back to their 
respective control valves by a mechanical system of push 
rods and bell cranks. These flight controls are not un- 
usual for an aircraft of this type. They employ a simple 
and reliable mechanical-hydraulic system. However, the 
wide performance range of the aircraft requires that the 
control surfaces be fully powered and irreversible. Since 
this type of powered system does away with feedback 
of aerodynamic forces to the pilot, it is necessary to 
generate the feedback forces artificially by the various 
feel systems. This is done by electro-mechanical actua- 
tors applied in a novel manner, so that the pilot has the 
benefit of artificial feel in the three major flight control 
systems for control surface position and airplane q. 


HYDRAULIC SYSTEMS 

The power actuating motivation is performed by the 
various hydraulic systems. Therefore, a brief discussion 
of the various independent systems and their functions 
in regard to flight controls follows. 


There are four independent 3,000 psi hydraulic sys- 
tems which, among other functions, are used in con- 
junction with the flight control systems. Eight identical 
engine-driven and one motor-driven variable volume 
pumps are arranged in a manner so that neither system is 
supplied wholly from pumps driven by one engine. For 
instance, three pumps located on three engines supply 
the No. 1 surface control system, which operates the 
inboard spoilers and the stabilizer-elevator. In a similar 
manner, three pumps supply the utility system which 
operates the stabilizer-elevator, wing flaps, rudder, and 
the hydro flaps/speed brakes. The No. 2 surface control 


‘Paper read at the Joint I.A.S./C.A.I. Meeting in Ottawa on the 
8th October, 1958. 
“Staff Engineer, Electronics and Electrical Dept. 
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Martin SeaMaster 


system operates the outboard spoilers as well as the 
stabilizer-elevator and is supplied by two engine-driven 
pumps. The motor-driven pump supplies the utility and 
emergency system, which operates the wing flaps and 
mine door. 


The electric-motor-driven pump is powered by a 
19 hp intermittent duty or 12 hp continuous duty 
motor. The motor normally operates from the main 
400 cycle power supply consisting of two 40 KVA, 
400 cycle alternators operating in parallel. Close control 
was maintained over allowable motor inrush current be- 
cause of the long wire run needed to reach the motor- 
pump unit in the mine loading compartment of the 
airplane, and the limitation imposed by the maximum 
size of available circuit breakers. The motor can be 
started in flight from a two-generator parallel system 
operating under normal flight loads without unduly 
shocking the power system. However, under single gen- 
erator operation or APU operation a large voltage dip 
of short duration is experienced. The motor is equipped 
with a new type of thermal protector which permits 
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maximum operation of the motor almost to the point of 
failure before the protector removes it from the line. 


DIRECTIONAL CONTROL SYSTEM 

The rudder is activated by a single hydraulic cylin- 
der connected through a bell crank and push rod ar- 
rangement. As previously mentioned, the rudder is 
powered from the hydraulic utility system. The hy- 
draulic cylinder is undersized in that it will not develop 
sufficient force for full rudder deflection at high speeds. 
This in no way limits the maneuverability of the airplane 
as sufficient power exists for any proper maneuver or 
asymmetric power condition at any speed. Should the 
feel system fail at a low speed condition the cylinder 
is sized such that it prevents the pilot from using too 
much rudder at high speeds. Should the hydraulic sys- 
tem fail, the rudder can still be operated directly 
through a mechanical linkage. Although the forces may 
be high, they can be relieved somewhat by means of the 
trim actuator. Figures 2 and 3 depict in schematic and 
trimetric form the directional control system and the 
feel and power unit, respectively. 

The rudder contro] system is composed of one cable 
circuit and a single feel system. The feel system is a 
type wherein the stick force is proportional to q (dyna- 
mic air pressure) and A (rudder deflection from trim). 
The feel system uses a torque tube as a torsion spring to 
provide the force. The proportionality with A is ob- 
tained by making the spring deflection proportional to 
the rudder deflection. A permanent magnet 28v dc 
motor irreversible acme screw actuator with internal 
limit switches but without thermal protector or motor 
brake is used as a push rod, thus allowing the pilot to 
shift the null position of the rudder control system to 
trim the airplane. The choice of this type of actuator 
presents a flat rate characteristic regardless of external 
loads, whether positive or negative. It is discussed more 
fully in “Design Parameters for Airborne Electric Motor 
Actuators,” AIEE Paper CP 58-833 by H. C. Zachmann. 
Figure 4 from the referenced paper depicts this charac- 
teristic over a wide load range. Ultimate strength and 
vibration requirements of primary structure also apply 
to the actuator at any stroke position since the actuator 
mechanically is considered as a push rod. The actuator 
is rated at 170 lb load at a rate of 0.145 in/sec with a 
speed tolerance of + 25% over a load range of 0 to 
170 Ib aiding load. Actual performance experienced is 
much better than the allowable specification. Electrical 
stroke is 2.125 inch. 

The proportionality with q is obtained by using a 
bell crank with an arm length which is varied propor- 
tionally to the V4: Note on Figure 2 that the q actuator 
moves a trunion in a slot which moves in an arc and is 
connected to the feel torsion spring push rod which 
turns at a constant radius. Thus the q actuator does not 
crank additional trim into the system with movement as 
will be discussed later under stabilizer feel system. A 
pressure transducer in the pitot-static system is con- 
nected in series with a variable potentiometer in the q 
actuator, which is balanced in a bridge incorporating 
additional potentiometers in the actuator (similar to 
Figure 5). The signal of the transducer is proportional 
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Trimetric of directional feel and power unit 
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Figure 5 
Schematic stabilizer q actuator 


to the V4. The contro] box in turn automatically posi- 
tions the actuator to vary the torque arm in the feel 
system so that the force felt at the rudder pedals varies 
as q. The rudder q actuator is a 28v dc, consequent pole, 
series-wound actuator. It is of the irreversible acme 
screw type with a motor brake and thermal protector 
and internal limit switches. The potentiometers are ex- 
ternally adjustable for system coordination with the 
transducer and control box elements. Actuator or power 
failure holds the q system at the established rate at the 
point actuator or power failure occurred. The actuator 
has a stroke of 8.9 inch and a rating of 200 Ib at 
0.21 in/sec, 400 Ib at 0.11 in/sec. 


RUDDER GUST LOCK SYSTEM 

A rudder gust lock, mounted in the hull below the 
tudder, is pilot controlled and electrically operated by 
a switch assembly in the pilot’s pedestal. The switch is 
mechanically interconnected with the engine power 
levers so that they cannot be moved out of idle when 
the rudder gust lock is engaged. Turning the switch to 
lock energizes a 28v series-wound actuator with internal 
position limit switches which engages the rudder gust 
lock after the rudder is held in the neutral position. 


LATERAL CONTROL SYSTEM f 

Because aileron effectiveness, like that of elevators, 
decreases at high speeds, the SeaMaster uses spoilers for 
lateral control. Each wing has two systems of spoilers 
with a corresponding cylinder and valve. The inboard 
spoilers are connected to the No. 1 hydraulic flight con- 
trol system; the outboard to the No. 2 system. The cable 
circuits are duplicated and so arranged that two circuits 
have to be broken before any spoiler becomes discon- 
nected from the control system. 


A schematic of the lateral control system is shown 
in Figure 6. A q failure warning system, also incorpor- 
ated in the system, is not shown. The feel system pro- 
Vides a feel force which is directly proportional to 
spoiler deflection. A series wound 28v dc motor actua- 
tor, as shown in Figure 7, is attached to the end of the 
eel spring. Actuation of the actuator allows the pilot 
to shift the null point and thus trim the lateral control 
system. The actuator has an electrical stroke of 2.83 inch 
and is rated at 75 Ib aiding load at 0.25 in/sec. Since the 
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actuator is of the irreversible acme screw variety, the 
same Comments as were made for the rudder trim actua- 
tor apply in this case also. 

The feel system for the spoilers differs from that of 
the rudder and stabilizer in that while it is mandatory 
to consider the effect of q on spoiler operation, q is 
recognized not as a force on the control wheel but as 
an adjustable stop that limits travel of the wheel. The 
system has a set of adjustable stops, shown in Figure 6, 
operated by an electrical actuator which limits the 
maximum allowable spoiler deflection from trim as a 
function of q. Again a pressure transducer converts the 
dynamic pressure to a voltage and a control box posi- 
tions the actuator according to the value of the voltage 
or q. In addition a comparison bridge circuit is incor- 
porated in the control box which compares the voltage 
of the transducer with a follow-up voltage derived from 
the actuator which, in effect, proves that the actuator 
has achieved the correct position in regard to q. 


Should the actuator fail for any reason electrically 
or mechanically an error signal is produced which oper- 
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Schematic spoiler trim actuator 





ates a q failure warning light on the engine instrument 
subpanel, informing the pilot that the q system is not 
functioning. Accordingly, speed and maneuvers must be 
monitored immediately. There is a mechanical release 
mechanism to be used in case of a malfunction of the 
q system. However, precautions must be observed in 
operating with q stops released, since the stops prevent 
high rolling rates at high indicated airspeed which would 
impose severe torques on the hull afterbody. The spoiler 
q stop actuator is a 28v dc, series-wound, consequent 
pole type with motor brake and thermal protector, but 
without stroke limit switches. Any malfunction of the 
control box to stop the actuator would be handled by 
the mechanical stops of the actuator and the thermal 
protector. The q failure warning unit would advise of 
actuator malfunction under these conditions, and the 
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Schematic of longitudinal control system 
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mechanical release could be used for spoiler control, 
The actuator is rated at 200 lb load at 0.25 in/sec 
minimum. 


LONGITUDINAL CONTROL 

The longitudinal control problems required the 
utmost effort to provide a satisfactory system for the 
wide performance range of the SeaMaster. The airplane 
is equipped with a flying tail stabilizer-elevator com- 
bination which is found in many high speed aircraft, 
primarily because elevator effectiveness decreases at high 
Mach numbers. In addition, any tendency for the eleva- 
tor to flutter is also eliminated. Three hydraulic systems, 
each with its own valve and cylinder, supply power to 
operate the stabilizer. Dual cable systems connect the 
control columns to a triple hydraulic servomechanism 
in the fin of the airplane. The servo consists of three 
mechanically connected and synchronized control valves, 
dampers, hydraulic actuators and a mechanical follow- 
up linkage for proportional control, as shown in 
Figures 8 and 9. The No. 1 and No. 2 flight control 
hydraulic systems operate a tandem cylinder and the 
utility system operates a completely separate cylinder. 

The sole function of the elevator is to provide the 
additional tail power necessary for landing and takeoff. 
There are two modes of elevator operation — locked or 
slaved. As the name implies, in the locked position, 
which is used for all flight conditions except wing flaps 
down, the elevators are locked to the stabilizer and the 
two controls move as a continuous surface. In the slaved 
position, the elevators are actuated by the stabilizer 
through a system of push rods and bell cranks, so that 
when the leading edge of the stabilizer is in the full up 
position the elevators are faired with the stabilizer, and 
when the stabilizer leading edge is full down the elevi- 
tors are maximum upward (30°) from the stabilizer 
chord. Figure 10 depicts the mechanical linkage and the 
electric actuator which changes the mode of elevator 
operation. 
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Figure 10. 
Trimetric of elevator and stabilizer controls in fin 
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The change in mode of opera- 
tion is performed by a 400 cycle 
electric actuator. It requires from 
15 to 25 sec, depending on loading 
and takes place with very little 
trim change connected with the 
transition. Figure 11 shows an 
electrical schematic of the elevator 
lock actuator system. In brief, the 


ELEV LOCK 
INDICATOR 
d 


ELEV LOCK 


electric actuator is energized a 


through a relay and a limit switch 

located on the wing flap intercon- 

nect so that the elevator is auto- 

matically slaved as the flaps extend. 

A bypass switch is also provided 

so that the elevator can be slaved six, rma””* 
for the initial part of the takeoff W™/™ (7 > 
run before wing flaps are extended. “ 
However, the flap switch must be 

in the neutral position to accom- 

plish this mode. With wing flaps 

up the actuator again automatically 

locks the elevator to the stabilizer. 

Since the operation of the elevator lock actuator was 
considered critical to a safe landing or takeoff, complex 
mechanical and electrical systems were evolved for 
maximum reliability. The actuator was specified to in- 
corporate an irreversible acme screw so that in case of 
an actuator or electric failure during operation the sys- 
tem would hold. An extensive indication system using 
both the actuator and external switches was developed 
to inform the pilot exactly at all times as to the status 
of the elevator mode. The mechanical linkage is such as 
to provide an over center locking mechanism, thus re- 
lieving the actuator of load after it has performed its 
required function. 

A multipole limit switch was installed on the elevator 
lock linkage mechanism to be used for indication pur- 
poses. As previously pointed out, indication of the actual 
position of the elevator mode was considered so critical 
that two independent indication methods and circuits 
were designed. The first was a simple light powered by 
the 28v dc essential bus and activated by a switch on the 
mechanical linkage to light when the mechanism is 
locked mechanically. When the wing flaps are in the 
fully up position the light is out. The second system, is 
powered along with the other components from the co- 
pilot’s bus and uses a barber pole type of indicator along 
with independent indication limit switches in the actua- 
tor, as well as a mechanical linkage switch as used in the 
alternate circuit. The design is such that indication in the 
locked position is obtained from the actuator which is in 
series with the linkage switch to the indicator. If for any 
reason a malfunction should exist in the actuator or its 
switch mechanism, a lock indication could not be ob- 
tained unless the linkage switch was operated. Therefore, 
false indications are only very remotely possible. 


Another precaution taken with the elevator lock 
system was the use of independent position limit switches 
working in conjunction with the power relays to guard 
against inadvertent operation in the event of a plus fault 
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Electrical schematic of elevator actuator system 


on the indication system. However, care must be taken 
to insure proper synchronization of the position and in- 
dication limit switches with this system. 


The location of the elevator lock actuator in the 
stabilizer posed many wiring problems, not only from 
an operational standpoint, but also to allow for future 
servicing and engineering changes. Due to the long wire 
run, the inrush of the alternating current motor was held 
to a maximum of 300% and the minimum allowable wire 
size was used. If the inrush were allowed to approach 
400%, the additional wire weight would have exceeded 
the weight of the actuator. The speed of operation for 
a stroke of 4.5 inch is 15 sec at no load and 25 sec at 
3,000 Ib load with a maximum operating load of 6,000 Ib. 

The synthetic feel system is of the type wherein the 
stick force is proportional to stabilizer deflection A and 
airplane dynamic pressure q. While the feel system is 
similar to that of the rudder system, it differs in that 
the proportionality with q is obtained by using a vari- 
able bell crank that has an arm length proportional to 
\ 4: Thus operation of the q actuator, in addition to 
changing the moment arm position, also cranks addi- 
tional trim into the system. The dynamic pressure is 
picked up from the pitot-static system by a pressure 
transducer which transmits a signal proportional to q 
to a control box. The feel system used a solid shaft as 
a torsion spring, the spring deflection proportional to the 
stabilizer deflection. 


As shown by Figure 8, longitudinal control is pro- 
vided by duplicate systems, each furnishing one-half the 
control force. Each of the dual control column cables 
is connected through a relief spring, so that in the event 
of a q actuator failure the system can thus still be op- 
erated. The two longitudinal feel systems receive in- 
dexing information from different independent sources, 
one from the pilot’s pitot-static system and the other 
from the co-pilot’s pitot-static system. Each q actuator 
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is operated independently. However, a comparison feed- 
back circuit is incorporated which compares the stroke 
of each actuator and lights a warning light when the 
out-of-band tolerance is exceeded. The warning light is 
located on the engine instrument subpanel alongside the 
q stop warning light. Figure 5 is a schematic of the q 
actuator. The actuator is similar to the q stop actuator 
rated at 200 lb at 0.21 in/sec and 400 lb at 0.11 in/sec 
with a stroke length of 7.9 inch. 


The control forces are trimmed by adjusting the 
solid shaft torsion spring previously mentioned by means 
of an electric actuator, in a manner similar to that dis- 
cussed under directional control. Maximum reliability 
was required from the permanent magnet 28v dc motor 
actuator from both a mechanical and electrical stand- 
point. Two identical irreversible acme screw actuators 
were connected in parallel mechanically of sufficient 
rating that in the case of mechanical screw or actuator 
breakage the other unit could assume the load. The 
specification of acme screws automatically solved the in- 
advertent electrical runaway problem in case of plus 
faults to one actuator. Either the circuit breakers would 
immediately clear the fault or electrical burnout would 

‘ occur, since the actuator would be in a locked rotor con- 
dition continuously. The stabilizer trim actuator has a 
speed rating of + 20% at 200 lb and = 10% at no-load. 


HYDROFLAPS/SPEED BRAKE 

The hydroflaps are operated in two modes from the 
hydraulic utility system. In the air they serve as speed 
brakes wherein two positions are supplied; that is full 
out or in. However, since attempting a landing with the 
hydroflaps out would be disastrous to the flaps, this pos- 
sibility is ruled-out by an interlocking arrangement with 


the wing flap switch and engine throttle levers along 
with a dive brake lockout relay. 


After touchdown the hydroflaps must be used in- 
dividually or in unison to varying degrees, depending 
on the maneuver being attempted. A variable resistor, 
not shown on the directional control schematic, is ap- 
plied to each toe pedal. A permanent magnet 28v de 
actuator is used to operate the hydraulic valve connected 
with the right and left hand hydroflap actuator cylinder, 
A follow-up potentiometer is made a part of each actua- 
tor and the deflection signal produced is coupled with 
the hydroflap position resistor to a bridge circuit and a 
micropositioner relay. The two 28v dc hydroflap indi- 
cators on the pilot’s subpanel indicate the position of 
the hydroflaps. In case of actuator or electrical failure, 
the hydroflaps can be operated by manually controlling 
a release lever in the auxiliary power unit compartment. 

While the scope of this paper is limited to the role 
of electro-mechanical systems associated with the flight 
control system, the SeaMaster airplane has other interest- 
ing and complicated actuator systems. A number of 
actuators of different types, speeds and ratings are com- 
bined and programmed in a system to perform auto- 
matically a complete function such as the spray strip 
actuator system, the alternate air door system, and the 
nacelle bypass door system. 
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SUMMARY 


The influence of aeroelasticity on modern aircraft design is 
outlined together with the requirement for aeroelastic data which 
cannot be obtained from analysis. The development of experi- 
mental methods to supplement analytical work is reviewed and 
some examples presented. The theory of aeroelastic model design 
is briefly treated and the types of models required for different 
applications are discussed. Model construction, instrumentation 
and test techniques are presented and some conclusions are de- 
rived regarding the role played by aeroelastic models in the 
design process. 


INTRODUCTION 


[’ the field of aeronautical engineering it is often the 
case that the ability to provide high performance 
exceeds the ability to understand the effects of such high 
performance. This is particularly true of the science, or 
perhaps one should say art, of aeroelasticity. 


Aeroelastic problems have always influenced aircraft 
design. Often, however, the interpretation of this in- 
fluence has been so poor that completely misleading 
conclusions have been drawn. Beginning with the de- 
struction of the Langley “Aerodrome” in 1903, for 
example, there were many structural failures of wire- 
braced monoplane wings. Tt is now clear that the cause 
of these failures was divergence, brought about by the 
extremely low torsional stiffness provided by the wire 
bracing. Unfortunately, at that time, the opinion was 
formed that the monoplane was an inherently bad de- 
sign. For the next 15 or 20 years — until the analytical 
treatment of divergence was formulated — few military 
monoplanes were built. 


The phenomenon known as flutter first became a 
problem during World War I and has appeared i in many 
forms since. But the theoretical treatment of its mechan- 
ism, even in the simplest form, did not follow until 1928. 
Even now, methods of flutter analysis, complex as they 
have become, cannot always provide an adequate de- 
scription of the problem. In addition, the need for ac- 
curate prediction of aeroelastic phenomena is becoming 
more and more pressing. The designer therefore is 
forced to employ experimental methods in many cases 
to solve aeroelastic problems. 

This paper, then, is a brief review of the role played 
by elastic models as supplements to analysis in the design 
process of a modern airplane. 


tPaper read at the Joint LLAS./C.A.L Meeting in Ottawa on the 
7th October, 1958. 
“Chief of Aeroelasticity. 
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THE IMPORTANCE OF AEROELASTICITY 


“An increase in the flying speeds of aeroplanes 
has introduced problems of design distinct from 
those of strength. The aircraft structure is necessar- 
ily flexible and relative movement of its component 
units takes place under aerodynamic loading. If such 
movements are excessive, flutter and other danger- 
ous phenomena are liable to occur at speeds within 
or only a little beyond normal speed range.” 


These words were written 25 years ago regarding an 
aircraft with a speed of 150 miles an hour. They have 
even more meaning today. Examination of a structural 
design process clearly shows the application. 

The principal objective of a structural design is, of 
course, the provision of adequate strength. In the case 
of an airplane wing, the loads that the structure must 
sustain are usually based on the gross weight and the 
design load factor of the aircraft and are independent 
of speed. As designs are refined, the applicable load fac- 
tors may be made lower, in order to permit increased 
performance by decreasing weight. 


A structure designed on the basis of strength alone 
has a certain inherent stiffness level, which will define 
the aircraft’s reversal, divergence and flutter speeds to a 
first approximation. This aeroelastic boundary has there- 
fore been defined by a process which does not involve 
consideration of the aircraft’s performance capability. 


Until recently this approach was satisfactory, since 
with normal construction techniques the stiffness level 
was adequate to prevent aeroelastic difficulties from 
having a major design influence. However, the vast in- 
crease in performance potential of recent years has 
drastically altered the situation. The designer now faces 
the additional requirement for adequate stiffness as well 
as strength, which he must provide in a structure of 
minimum weight. The penalty for the lack of either is 
a structural failure. The penalty for an excess of either 
will be a serious weight penalty. It is obvious, then, that 
the accurate definition of aeroelastic effects is necessary 
for the design of an efficient structure. 

Several recent developments have introduced great 
difficulties in the theoretical treatment of these problems. 
In the search for higher performance, wings of many 
unusual shapes have appeared (Figure 1). These plan- 
forms have been selected to provide improved aero- 
dynamic performance from the drag or stability point 
of view, but they present serious problems for the aero- 
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Figure 1 
High performance wing planforms 


elastician. The prediction of air load distribution, par- 
ticularly for the oscillating load, is an extremely complex 
problem which must be solved if aeroelastic effects are 
to be analyzed. Unfortunately, adequate theoretical 
techniques have not been developed to cope with the 
difficulties involving low aspect ratios and high or com- 
pound sweep. 

Wings of high performance airplanes are always thin. 
Consequently, as the aircraft proceeds through the de- 
velopment phases, requirements for carriage of extras 
are usually met by external stores. Additional fuel tanks, 
bombs, rockets, missiles and even engines may appear on 
the wing. Air loads on these stores are almost impossible 
to calculate. As an extra complication, operation at 
transonic Mach numbers creates interference effects and 
complex shock patterns which are completely impossible 
to forecast. 


These are merely a few of the more important ex- 
amples of the increased difficulties faced by the theoreti- 
cal aeroelastician. He has therefore been forced to seek 
solutions by experimental means. It is too late in the 
design procedure to investigate aeroelastic effects by 
flight test, although this is of course necessary as the 
final step. Because of these problems, the aeroelastic 
model has been developed for use as a design tool. 


CONCEPT OF AEROELASTIC MODEL TESTING 


The framework of aeroelastic test procedures is sub- 
ject to wide variations. Some models are designed and 
tested to confirm or deny theoretical work whose valid- 
ity is in doubt. Others are used as research tools for the 
provision of empirical data for later use in design. Still 
others are used as analogs of particular designs, to pro- 
vide quantitative information on suitability for a re- 
quirement or behaviour patterns. 


Testing techniques vary widely. Models are tested in 
wind tunnels, attached to high speed rockets, mounted 
on free falling bombs, carried on rocket sleds, and ex- 
posed to shock tube blasts. The aeroelastician must 
choose the one which is best for his purpose in view 
of the facilities available to him. Above all, he must keep 
his objective firmly in mind. Too often, in analyzing a 
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dynamic stability test, it seems as if the equations of 
motion are being investigated. This is not the case; it 
is the coefficients which are investigated and interpreta- 
tions of test data must be directed with this intention, 


HISTORICAL BACKGROUND 


One of the earliest and most comprehensive aero- 
elastic model programs in the literature was that carried 
out on the DH Puss Moth in 19321. Nine accidents 
involving failure of the wings of this aircraft occurred 
over a period of about two years. The explanation of 
these failures could not be found through examination 
of the strength characteristics of the aircraft and since 
several pilots had reported oscillations in flight some 
type of flutter was suspected. 

As the mechanism of flutter and its theoretical treat- 
ment had not been adequately formulated at that time, 
elaborate elastic model tests were carried out to investi- 
gate the cause of the oscillations. The model (Figure 2) 
was one-quarter scale with a rigid centre section and 
flexible wings and rear fuselage. Several potential flutter 
conditions were brought to light during these tests, both 
on the wings and the empennage. 


Cause of the accidents was established as a flutter case 
involving wing bending, aileron rotation and fore and 
aft oscillation of the wing allowed by the single bracing 
attachment. The aileron mass balancé was shown to be 
ineffective for this motion, permitting a sudden violent 
flutter. Modifications to the mass balance arm and to the 
strut attachment provided a cure, but it is difficult to see 
how this could have been effected without the model 
program. 


Another more recent flutter model program, which 
must have been quite elaborate, was that carried out on 
the HE 219. This work is shown in a German film pro- 
duced by AVA. The model was quite large, apparently 
about one-quarter scale (Figure 3). Tunnel suspension 
was quite elaborate since no attempt was made to ac- 
tually fly the model in the tunnel. The model had pro- 
vision for alteration of control surface and tab mass and 
stiffness parameters. A quick-acting brake was able to 
clamp the model to prevent its destruction. 


Figure 2 
DH Puss Moth flutter model — 
model viewed from door of wind tunnel 
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Figure 3 
HE 219 flutter model 


UNBALANCED TAB BALANCED TAB 


Mild rotation of 


Violent bending 
elevator and tab 


of fuselage 
and tail 


Elevator-tab flutter 


The model had an amazing number of modes of 
flutter. Also shown was a shift from symmetric to anti- 
symmetric w ing flutter as speed was raised, followed by 
— of several types of control surface and tab 

utter. 
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Simple flutter model 


Figure 6 
Free flying flutter model 


A point of interest of this series of tests is the ex- 
tremely violent flutter mode of the mass balanced eleva- 
tor tab compared with the unbalanced configuration as 
shown in Figure 4. This illustrates very clearly the folly 
of arbitrary tab mass balance. 

These two test programs are illustrations of analog 
type models used to investigate problems of specific de- 
signs. Some such program is almost always carried out 
for a modern high performance airplane. Models may be 
relatively simple, allowing only a few degrees of free- 
dom (Figure 5), and they have the limited objectives of 
establishing principal types of flutter. On the other hand, 
a model may be quite complex, designed for a wider 
investigation, or to provide flutter clearance for a design 
(Figure 6). Indeed, some ‘designers base the complete 
flutter clearance program on models with only rudi- 
mentary analyses. 

Models have been used as well for establishing em- 
pirical boundaries. Such a model was designed and built 
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Figure 7 


NRC variable stiffness model — interior construction 


at NRC* (Figures 7 and 
8) to investigate the effect 
of variations in bending 
and torsional stiffness on 
flutter speed. These stiff- 
nesses were provided by 
systems of linkages and 
leaf springs. Adjustment of 
these springs allowed the 
variation of stiffness over 
a wide range. Contour of 
the model was made up of 
plywood ribs with a rub- 
berized fabric cover. Valu- 
able insight can be gained 
into the mechanism of 
flutter with this type of 
model. 

In transonic and low 
supersonic flows, oscillat- 
ing aerodynamic theories 
are not well developed. 
Thus, for some years, sev- 
eral research establishments 
have been testing models 
in families to obtain trends 
of flutter speeds (Figure 9). The models used are usually 
very cheap and serve to pinpoint critical areas for more 
exacting analysis when a specific design evolves. 


P 
| 
i 
i 


Figure 8 
NRC variable stiffness model 


AEROELASTIC MODEL THEORY 


The theory of aeroelastic model design is very well 
covered in the literature® and need only be briefly dis- 
cussed here. The simplest type of model is one designed 
to simulate only vibration characteristics. However, un- 
less it is an exact replica of the structure it does not 
offer any advantage over a careful calculation. 

Another simple type of model is one designed for 
steady state aeroelastic tests, which require simulation 
of stiffness and external shape only. The simultaneous 
solution of these two problems is not usually difficult. 
The flutter model, however, requires the simulation of 
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Figure 9 


Simple supersonic models 


mass, stiffness and external shape, and is the most diffi- 
cult to design. 

The theory of flutter model design is based on 
dimensionless quantities. If the equations of motion of 
an oscillating wing in incompressible flow are written in 
dimensionless form, 10 parameters result which require 
simulation by the model. The designer then must estab- 
lish the scaling of the three independent variables — 
length, mass and time. This problem is not usually 
difficult for a model in which compressibility effects are 
not simulated. 

Length ratio is fixed by the available tunnel size. 
Velocity ratio is settled by the operating speed range 
of the tunnel in relation to the speed range of the air- 
craft. When this is combined with the length scale, the 
appropriate time ratio is defined. Mass ratio is found by 


evaluating the density parameter aye 
tunnel density compared with the boieea flight density, 
together with the established length ratio, fixes the 
model mass ratio. In practice, the length and velocity 
scales are often very close, resulting in a time scale near 
unity. This is a considerable help in testing as it allows 
flutter to be controlled and insight to be gained into 
its mechanism. 


Since the strong interference effects and shock wave 
patterns (discussed in the introduction) are most pro- 
nounced at transonic speeds, models must be designed 
to provide experimental data at representative Mach 
numbers. Examination of the dimensionless equations for 
compressible flow shows that the number of required 
parameters has now risen to 13. The essential dimension- 


The operating 
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less parameter is, of course, Mach number. This quantity 
fixes the model velocity scale within close limits. The 
length scale is also established quickly by the available 
tunnel size or rocket or sled capacity. Available tunnel 
or test altitude density is very often a major stumbling 
block. 

Design of wind tunnels is usually such that a specific 
velocity and density is provided for a given Mach num- 
ber. The density is very often quite low, thus making 
construction of a model to simulate a sea level density 

arameter very difficult. The model designer may find 
that the combination of mass ratio and stiffness ratio 
necessary for his model requires the use of a material 
with a negative mass or with E four times as great as 
that of steel. 


MODEL CONSTRUCTION 


Techniques of model construction vary widely with 
the type of model desired and the testing medium. The 
flutter model, since it requires simulation of stiffness, 
mass and external shape, is the most difficult to design 
and the techniques may be applied to the simpler vibra- 
tion or steady state aeroelastic models. 


An intriguing approach would be to design a model 
in which all components are reduced in size uniformly. 
The theory shows that such a model would have the 
same flutter speed as the airplane. For high performance 
airplanes, therefore, tests would be required at high 
speeds and most high speed wind tunnels are rather 
small. Sizes of components, then, may become minute. 

Consider an airplane of 50 ft span with a wing skin 
gauge of 0.125 in at a representative section. This would 
have to be scaled by a factor of from 30 to 50 to fit into 
a tunnel offering an adequate test density and Mach 
number. The model span might become about 18 inches 
and the model skin thickness about three-thousandths. 
To provide a proper representation of the airplane, the 
structure must be fabricated from this gauge in exactly 
the same manner as in the full scale article. This is hardly 
a practical proposition although this skin thickness can 
be fabricated using other specialized techniques which 
will be discussed later. 

Low speed models can usually be fairly large, as the 
available tunnel size is greater and the designer thus has 
considerable latitude in his design. For wings whose 
structure has reasonable aspect ratio, the single mass spar 
to provide bending and torsional stiffness is adequate. 
Several ingenious designs exist for spars which must 
have high ratios between bending and torsional stiffness 
or where chordwise bending stiffness is also important. 
The contour must then be filled out and the proper mass 
distribution provided. A balsa shell is often used for the 
contour as it is very light and allows greater scope for 
adjusting the mass (Figure 10). If the mass ratio of the 
model is such that plenty of weight is available for the 
shell structure, a much more rugged construction can 
be made of fibreglas with a foam core. However, balsa 
covered models are amazingly rugged and, if damaged, 
are easily repaired. 

For the simulation of the structure of a low aspect 
ratio wing, such as a delta, something more elaborate 
than a single spar is required. Here, the stiffness analysis 
of the aircraft itself should play an important part in 
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Figure 10 
Single spar flutter model 





Figure 11 
Multispar flutter model 


the approach to the model design. In order to reduce 
the number of the simulation uncertainties to a mini- 
mum, the model should be designed on the basis of the 
structural analysis. If the wing is analyzed as a network 
of beams, the model should also be designed in this 
manner (Figure 11). 


On the other hand, if the wing is analyzed by one 
of the methods which treats it as a plate, a correspond- 
ing plate should be used to provide the model stiffness. 
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Very interesting techniques have been developed for 
this purpose, involving plates with patterns of holes or 
elaborate contouring. The section may then be filled 
out with a light segmented covering (Figure 12). The 
designer should also attempt to keep his design as flex- 
ible as possible (in the broad sense) with a view to 
making changes as more concrete stiffness information 
about the airplane becomes available. 


High-speed models require a velocity ratio of unity 
and since the length ratio may be large due to tunnel 
size limitations, the frequency ratio also becomes high. 
The stiffness required for this ratio forces the designer 
to employ very efficient structures. The efficient tech- 
nique developed at Cornell‘ is an indication of what is 
required when the test section density is low. However, 
this is an extreme. The three-thousandth skin mentioned 
earlier may well be required, but balsa cores may be 
used for stabilizing such skins providing the balsa is care- 
fully selected for uniformity. Complicated surface 
bonding technique may also be eliminated. A simpler 
approach of punching holes in the skin through which 
glue is pressed may be used. The efficiency of this con- 
struction is excellent, since it is common for a tension 
skin to fail under test before the compression skin 
buckles. Examples of models with this type of construc- 
tion are shown in Figures 13 and 14. 

Transonic tunnels, providing high test section densi- 
ties, have been built recently for flutter testing exclu- 
sively. These simplify the designer’s problems as he no 
longer must design the structure of the model to such 
a high degree of efficiency. 


Models for the investigation of trends, rather than 
the simulation of actual airplanes, need not be particu- 
larly efficient, and often use single spar construction 
with solid balsa contours (Figure 15). As it is common 
to lose a high speed model at a flutter point, these models 
must be relatively inexpensive or this type of testing 
would be limited to airframe contractors. These models 
may have control surfaces to investigate both flutter and 
the relatively new phenomenon of control surface 

“buzz” (Figure 16). 


INSTRUMENTATION 


Experimental work is only as good as the data it pro- 
vides and considerable effort should be expended on data 
recording in aeroelastic tests. Of course, a flutter speed 
may be considered a check point, but some know — 
of how and w hy a model went down the tunnel, 
came off the rocket, is desirable. 

Steady state aeroelastic tests may utilize the normal 
wind tunnel balance system. The ‘model must be de- 
signed to be compatible with this system but this is not 
usually too difficult. A strain gauge at a critical point in 
the structure may be monitored to ensure that the model 
is not lost through overstrain. 

Rigid models, which are made to oscillate in tunnels 
to measure derivatives, require load or pressure measure- 
ments. Strain gauges are adequate for loads while some 
ingenious pressure pickups have been developed to 
measure the pressures on small models*. These are crystal 
type and may be made very small and sensitive. They 
are not without drawbacks, which will be discussed 
later. 
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Figure 12 


Multispar model covering 





Figure 13 


High speed box structure model — cantilever 
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High speed box structure model — full span 
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Figure 15 


High speed single spar model 





Figure 16 
High speed single spar model with control 


Flutter tests require the most elaborate instrumenta- 
tion if satisfactory data are to be obtained. The nature 
of the phenomenon imposes great difficulties. Flutter is 
unpredictable, almost instantaneous and usually dis- 
astrous. Recording of some kind must be continuous, 
therefore, with the more elaborate cov erage used on the 
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Figure 17 
Crystal accelerometers 


approach to critical speeds. Records should provide the 
test speed, flutter frequency and the mode shape. 

The strain gauge is once again a very useful tool for 
this purpose. It can be used to provide frequency and 
phase indication or, if an elaborate application is made, 
it can yield the mode shape from an analysis of strain 
energy. However, if a complicated beam network is 
being treated, the number of strain gauges is large and 
their calibration can become exhaustive. Nevertheless, 
they are reliable, light, easy to apply, rugged and re- 
quire only a simple wiring setup. 


To provide a direct reading of oscillation amplitude, 
accelerometers may be used. Because of space and 
weight limitations, ‘the only suitable accelerometers are 
the crystal type (Figure 17). These can be made very 


small and are very sensitive, but they have several draw- 
backs. 


The high impedance of the crystal makes the wiring 
susceptible to pickup from stray fields. Static electricity 
may also present problems unless care is taken to use 
teflon insulation for the w iring. To keep lead lengths 
short, a proper cathode follower amplifier must often 
be located in the model. If the model design caters for 
large disposable loads, this is not a problem if subminia- 
ture tubes are used. One should resist the temptation to 
“transistorize” with this type of pickup. Crystal pickups 
must also be calibrated dynamically. 

Their biggest drawback, however, is their high per- 
formance as microphones. The noise level in a wind 
tunnel is high, and elimination of this unwanted response 
may be very difficult. Nevertheless, because of the great 
sensitivity of these pickups and ease of interpretation 
which they offer, they should not be overlooked by the 
model designer. 


In the wind tunnel, another extremely valuable re- 
cording tool is availabie to the experimenter — the high 
speed motion picture camera. Slow motion movies pro- 
vide a good indication of the flutter mode and may also 
show unsuspected peculiarities (Figures 18 and 19). In 
a high speed test when the model may flutter and dis- 
appear in a quarter second or less the camera record is 
especially valuable. 

The difficulty with a camera is its limited film 
capacity. As flutter is often unpredictable it is not al- 
ways possible to catch the critical moment unless the 
camera runs continuously, and this is not practical. 


95 









Flexure-torsion 


Wing bending— 
of vertical tail 


aileron rotation 


Fin bending— 
rudder rotation 


Figure 18 
Examples of flutter 


Filming rate is sometimes a problem as the high frame 
rates required of high speed tests often create a demand 
for light which is difficult to meet. Few tunnels have 
been designed with proper lighting facilities for high 
speed photography and many have no provision for 
photography at all. 

Recording instrumentation for rocket, bomb and sled 
models is similar to that used for wind tunnel models 
except that the data must be transmitted by telemetry. 
Cameras are used on sleds and may also be fitted to 
rockets and bombs if provision is made for recov ery. 


TESTING TECHNIQUES 


Procedures used in model testing vary widely, of 
course, with the test objective. Measurement of stiffness 
is, however, common to all. 


Low speed models are comparatively flexible, so the 
method of measuring deflection must not introduce 
other than constant loads into the structure. For single 
spar models this is easily done by measuring slope or 
twist by a reflecting optical arrangement. This pro- 
cedure giv es good accuracy and fulfills the requirement 
fora passive measurement. 

Multispar structures require a large number of 
measurements and their interpretation becomes difficult. 
Fortunately, other methods are available. The deflections 
may be read through a level from scales suspended from 
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Figure 19 
Examples of flutter 


the structure, or an elaborate servo depth gauge system 
may be used‘. 


High speed models are more difficult to test as their 
stiffness is high for their size. An electrical method em- 
ploying a magnetic core which is attached to the wing 
is useful in this case. The change in a signal as this core 
moves in a coil while the wing is loaded gives a good 
measurement of deflection. 


Steady state aeroelastic testing is very similar to 
normal wind tunnel testing. The essential parameter in 
such tests is dynamic pressure. The range of incidence 

available for testing will decrease for strength reasons 
as dynamic pressure increases and the test procedure 
should take account of this. It is unlikely that the stand- 
ard of surface finish of an elastic model will be good 
enough for direct evaluation of the stability derivatives. 
However, unless the surface contour is very bad the 
derivative change as a function of dynamic _pressurt 
should be valid. 


One valuable use for such tests which is often over- 
looked is the prediction of stability derivatives for a free 
flying wind tunnel flutter model. The effects of wall 
interference and support mechanisms can have a marked 
effect on stability and require some advance investig 
tion if disaster is to be avoided. 


Flutter models must be subjected to much the same 
program of tests as the complete airplane although some 
of the problems are different. Stiffness measurement 
problems have been discussed above. Vibration testing 
introduces some similar difficulties. Once again the test- 
ing device must not affect the properties of either mas 
or stiffness, It is possible to build an electromagnetic 
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shaker with a very light coil and no inherent stiffness. 
Since it is not self-centering, it must be carefully aligned 
when attached to the model. For very light models, 
even this small addition may be too much. 

Then the experimenter must turn to an air coupled 
shaker. In its simplest form this consists of a loudspeaker 
horn placed close to an anticipated anti-node. A more 
complicated system is provided by pulsed air jets which 
can be phased and thus excite symmetric or antisym- 
metric modes. 

The mass distribution is not always tested. If the 
stiffness and vibration tests agree with predictions, the 
experimenter may have confidence that the mass of 
segments may be ‘checked and the distribution estimated. 
With small high speed models, it is customary to cut a 
representative model into segments for w eighing. Then 
quality control is depended upon to give uniform 
specimens. 

Dynamic wind tunnel tests may be designed to 
measure coefficients or to evaluate flutter characteristics. 
Rigid models, which are oscillated in the air stream to 
evaluate. coefficients, require very accurate load and 
pressure measurements. The difficulty in the test tech- 
nique is the large load arising from inertia as the test 
frequency range rises. Very careful test arrangement and 
measurement are required to minimize this problem* °. 

Flutter tests are the most difficult of all aeroelastic 
tests. A special case, which is an exception, is the re- 
search flutter test covering a family of models which is 
designed merely to evaluate the change of flutter speed 
with some parameter. Flutter tests of models of particu- 
lar airplanes, however, are much more involved. 

The testing of components, such as wings or empen- 
nages, is recommended as a first step in a flutter pro- 
gram. With some types of aircraft this may be adequate. 
-If either body vibration modes or rigid body motions 
are not expected to influence flutter speeds, cantilever 
tests can provide all the data required. 

Low speed models have time scales which allow some 
control over flutter. Some kind of brake, stop, or 
method of rapidly, altering a parameter should be used. 
Care must be taken in the application of such a system, 
because it is easy to provide an instability rather than 
prevent one. 

For example, if a flexure-torsion-aileron system is 
being tested, a clamp which restrains bending” but not 
torsion may aggravate rather than prevent flutter. Con- 
siderable effort should be made to measure the sub- 
critical damping of the model. The practice of running 
up the tunnel until the model breaks is to be deplored. 
A continuous pen recorder gives immediate reading, 
allowi ing a running plot to be kept in order to estimate 
the proximity of flutter. 

As many variations as possible should be tested, such 
as control stiffness, fuel loading, pod loading and loca- 
tion of external stores. A flutter test which merely yields 
the flutter speed as the model disappears down the 
tunnel cannot be considered an unqualified success. 

Free flying wind tunnel models are perhaps the most 
difficult to control. The experimenter is faced with static 
and dynamic stability problems as well as flutter prob- 
lems, and steady state aeroelastic effects may play a 
Prominent role in this regard. 
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Figure 20 


Result of a successful flutter test 


Support problems are numerous. A model which flies 
on the end of a cable must be small to avoid flying into 
a wall. In addition, dynamic instability in pitch is easily 
achieved with free flying models which are carried on 
a rod by a gimbal trolley. Trim and control must be 
very accurate, as a variation in the flight path of half 
the mean chord usually means a crash. Provision of con- 
trol power and instrumentation wiring to the model also 
becomes a problem, since a large bundle of wires can 
alter stability characteristics. 


A free flying flutter model test should be regarded 
as a flight flutter test in miniature. Attempts to excite 
the model in a representative manner with small rocket 
charges or shakers should be made. These may not be 
successful, but valuable operating experience is gained 
even from inconclusive tests. 


Success in tunnel tests is very elusive as the tur- 
bulence level in a tunnel is high compared with flight 
and this tends to mask the results of excitation. A free 
flying model test often ends in a crash, but if flutter is 
the cause the experimenter has reason to be satisfied with 
his efforts (Figure 20). 


High speed model tests almost invariably result in 
the loss of the model due to the high frequencies re- 
quired. Consequently a series of models with varying 
stiffness or other parameter should be provided to ex- 
plore the flutter boundary. It may be possible to alter 
the tunnel stream parameters to provide flutter bound- 
ary indication, but many models are still required. 

Rocket model tests seem to be the least efficient for 
provision of information. These tests are one-shot affairs 
and, due to the dependence on telemetry, the possibility 
always exists that a minor component failure will nullify 
the test. However, the ease with which high speed may 
be obtained as well as the larger model size makes this 
technique attractive. 

Sled tests are a compromise between wind tunnel and 
rocket tests. The speed program of the sled may be 
controlled and the test article is recoverable at the end 
of a run if flutter does not occur. The size of test items 
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that may be carried on sleds makes them valuable for. 
testing full scale articles. The possibility of building full 
scale test items with reduced stiffness is intriguing from 
the experimenter’s point of view, although would prob- 
ably be ruled out for reasons of expense. 


The experimenter should keep one thing uppermost 
in his mind — that a flutter test cannot be regarded as 
conclusive unless it produces flutter. However satis- 
factory it is to show that flutter does not occur in the 
design speed range or above, some non- representative 
feature of the model design may be restraining flutter. 
The exception might apply if very complete and ac- 
curate subcritical responses are taken and compared 
with calculations. Nevertheless, it is much more satis- 
factory to know exactly where the flutter boundary lies. 


CONCLUSION 


In this presentation, the role played by models as 
tools for the modern aeroelastician has been reviewed. 
The several fields which may be explored only by the 
use of aeroelastic models have been discussed. Some 
thought, however, should be given to the future of this 


field. 


Aeroelastic considerations will certainly have a great 
influence on future high performance designs, even in 
the project stage. Throughout the entire design process, 
more and more refined analyses will be required, and 
no doubt theoretical techniques will be constantly im- 
proved to meet this demand. 


As indicated, however, design techniques usually ad- 
vance more rapidly than analytical ability, and new 
methods are required to explore the unknown area. No 
designer would seriously consider fixing a modern air- 
craft’s external contours by analysis alone. Some experi- 
mental verification is necessary. 

Nor should he depend on analy sis alone for elimina- 
tion of aeroelastic problems. Proper elastic model 


programs should be included in the design process at 
all stages, just as conventional wind tunnel programs are 
used to evaluate performance and stability. 


If such programs are to be properly carried out, the 
provision of adequate facilities for aeroelastic model 
testing becomes a requirement. Conventional wind tun- 
nels often are not suitable for flutter tests for parameter 
or layout reasons. In addition, tunnel personnel are 
sometimes wary of flutter testing for fear of tunnel 
damage. Aeroelastic tests in the future will certainly 
require kinetic heating simulation and this puts an even 
greater burden on existing facilities. 

Therefore, in the planning of new facilities to meet 
the needs of future designs, it would be shortsighted 
indeed to cater for elaborate strength, drag, and stability 
tests, without providing as well for the needs of the 
aeroelastician, as his work has now become of first rank 
importance, 
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SOME AERODYNAMIC CHARACTERISTICS OF 
WING-MOUNTED LIFTING FANS FOR VTOL APPLICATIONSt 


by R. L. Wardlaw* and N. V. McEachern* 


National Research Council 


SUMMARY 


Wind tunnel force measurements have been carried out on 
a wing-fan combination; the high-solidity fan was embedded in a 
two-dimensional symmetrical wing, with the fan axis normal to 
the wing chord-plane, 

Results are discussed and compared with a simple momentum 
theory, with a view to their usefulness in VTOL project studies. 
Over a limited range, fan power and model force measurements 
provide reasonable correlation with theoretical predictions. 


An understanding of the flow in the vicinity of the fan is 
facilitated by surface pressure measurements and water tunnel 
flow visualization studies. 


A method of applying the results to performance analyses 
is considered. 


INTRODUCTION 

I’ the National Aeronautical Establishment low speed 
wind tunnel a series of tests has been conducted on 

a fan embedded in a wing such that the fan axis was 

normal to the wing chord-plane. These tests have arisen 

from considerations of VTOL configurations using fans 

as lifting devices. 

The VTOL concept of particular interest here is 
one that would employ a dual-purpose gas turbine 
powerplant. This engine, in cruising flight, would be 
used as a conventional jet thrusting device or, in the 
hovering and transition phases, as a gas producer, the 
output driving a lifting fan on an independent shaft by 
means of a turbine. The transition phase from hovering 
to conventional forward flight would require that the 
fan jet could be deflected rearward through a small 
angle, thereby providing some forward thrust. With in- 
creasing aircraft forward speed, a portion of the aircraft 
weight could be supported by conventional wing lift. 
Eventually it would be possible to convert the engines, 
one by one, from fan drive to jet thrusting duties. 


Details of powerplant requirements and fan drive 
methods will not be discussed in detail. However, some 
analysis of this aspect of the problem has been done at 
the NAE’. The thermal cycles of various combinations 
of fan-drive techniques (eg. tip turbine, geared hub tur- 
bine) and engine types (e.g. single stream, dual stream) 
have been analyzed. From thermodynamic and weight 
considerations the combination of a tip turbine driven 
fan and a single stream engine shows the most promise, 


*Based on a paper presented at the Annual General Meeting of 


the C.A.I. in Toronto on the 27th May, 1958. 
Research Engineer, Division of Mechanical Engineering. 
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and the power matching between hovering and cruising 
flight requirements is not unreasonable. 

The wind tunnel tests were conducted in considera- 
tion of a VTOL configuration of the type described 
above and were designed to determine the aerodynamic 
behaviour of wing-mounted fans with particular em- 
phasis on the forward flight or transition phase. The test 
results are discussed and compared with a simple mo- 
mentum theory, with a view to their applicability in 
VTOL project studies. A method of applying the results 
to performance analyses is considered. 


LIST OF SYMBOLS 

A wing aspect ratio 

A; fan annular area, ft? 

Ag fan disc area, ft? 

Cp drag coefficient = 

wing drag with fan hole covered 

qs 

CL lift coefficient = 


qs 

pitching moment coefficient = 
wing pitching moment with fan hole covered 

qSc 
effective minimum profile drag coefficient 
fan tip diameter, ft 
drag increment due to fan, lb 
number of engines driving fans 
dimensionless parameter relating geometry of 

fan to that of wing 


saat « = pA 
power coefficient = 550 AP tts 


lift increment due to fan, lb 

pitching moment increment due to fan at 0.3c, 
ft-lb 

fan rotational speed, revolutions/sec and 
per cent rated engine rpm 

fan horsepower 

wing area, ft? 

engine thrust, lb/engine 

free stream velocity, ft/sec 

axial air velocity at fan, ft/sec 

final velocity of fan jet, ft/sec 

change of velocity from V to V;, ft/sec 

aircraft all-up weight, Ib 





cage pAa 
= V as 
wing chord, ft 
Oswald’s span efficiency factor 
fan air mass flow, slugs/sec 
power loading = AL/AP, lb/hp 
(local static pressure) — (free stream 
pressure), lb/ft? 
* dynamic pressure, lb/ft? 
wing thickness, ft 
. : AL . 
hovering fan loading = vm lb/ft? 
angle of attack, degrees 
outlet vane angle relative to wing chord, 
degrees 
absolute viscosity of air, lb-sec/ft* 
air density, slugs/ft® 
fan jet angle relative to wing chord, degrees 


WIND TUNNEL MODEL 


Figure 1 shows the model installed in the NAE low 
speed wind tunnel. The wing itself was basically two- 
dimensional as it spanned the full tunnel height. The fan 
duct had a bell-mouth intake faired to the wing upper 
surface. Downstream of the retor blades was a row of 
anti-rotation blades with their trailing edges flush with 
the aerofoil lower surface. A set of variable angle outlet 
vanes was provided in order to deflect the fan jet rear- 
ward. These vanes protruded into the airstream and 
spanned the fan jet. 


The fan drive consisted of shafts supported by ball 
bearings and connected by a pair of mitre gears to a 
6 hp motor mounted inside the wing. The motor was a 
jacketed, water-cooled, three phase induction motor and 
was powered by the laboratory variable frequency 


power supply. 


Figure 1 
Fan-wing wind tunnel installation 
with surface pressure tubes 


x7, 


18 FAN BLADES 
31 RADIAL STRAIGHTENING VANES 


zs OUTLET TURNING VANES 


Figure 2 
Fan-wing geometry 


Dimensions of the wing and fan assembly are de- 
tailed below and also are shown in Figure 2. 
Wing 
Section — NACA 0018 
Chord — 2 ft 
Span — 5.69 ft 


Fan-Assembly 

Location — mid span and 30% chord 

Hub diameter — 4.5 in 

Tip diameter — 7.5 in 

Number of rotor blades — 18 

Rotor blade chord — 1.05 in 

Number of stator blades — 31 

Stator blade chord — 0.914 in 

Maximum rpm — 15,000 

Static disc loading at 15,000 rpm — 60 lb/ft? based on 
annulus area 

Number of outlet turning vanes — 12 

Outlet vane chord — % in 

Outlet vane shape — 30° circular arc 


FORCE TESTS 


The test results are presented in terms of incremental 
values of lift, drag, and pitching moment, due to the 
presence of the fan; these values were obtained by sub 
tracting corresponding force values from measurements 
made with the fan hole smoothed or faired to the norm 
wing shape (Figures 3 and 4). 

It should be noted that no wind tunnel jet boundaty 
interference corrections have been applied to the data, 
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since at present no rational method has been developed 
that is applicable to tests where a jet is directed normal 
to the main airstream. There are some indications that 
these corrections are not as large as might be otherwise 
expected. A wool tuft screen placed one chord behind 
the wing trailing edge showed (Figure 5) that the jet 
was bent sharply rearwards even when no outlet vanes 
were used, which would tend to minimize the constraint 
effect on the jet. Secondly, for the zero forward speed 
or hovering case it is believed that the wall effect is 
small inasmuch as force measurements with the jet blow- 
ing out the open wind tunnel access door were only 
about 5% higher than values with the door closed. 





V« 178 FT/SEC. 
Re® 2.27 110° 


In order that the presentation of results be as general 
V* 86.9 FT./SEC. ° ° . . “9 ey 
Resta 210° Be as possible and bearing in mind the possibility of “col- 
lapsing” the data with respect to some variables, it is 
desirable to consider the dimensionless groups or para- 
meters that might be used. Normal dimensionless analysis 
leads one to the following functional relationship: 
_AL 
pN2D4 
AD 


pN?2D+ V V pVD 
-5( a ne 4,8, 6,) 











AM ND’ Ve z BM 
pN?D* 
550AP 
pN*p 








These groups can be modified in many ways but the 

above appears to be the most useful combination for our 

yaivadevene immediate purpose. One logical change would be to re- 
Re=2.27 210° place ND by V,. However, our fan mass flow data is 
V = 08.9 FT/SEC. incomplete and furthermore it is shown later that this 
——— : modification would be unwarranted. The symbol G, 
above, represents the various possible geometrical para- 


DD . 4 
meters, such as ass fan location and, in the case of a 


multiple fan system, the fan spacing. These factors are 
of obvious importance, but the model is of fixed 
geometry and therefore no geometrical parameters can 
be considered. 





Figure 5 
Wool tuft sereen behind model 


Drag and pitching moment vs lift with fan inlet and =o 3 — 0.46 
outlet covered — ND 


March, 1959 














Figure 6 
Lift vs advance ratio, no outlet vanes 








‘ND 


Figure 7 
Drag vs advance ratio, no outlet vanes 


Figures 6, 7, 8 and 9 show the experimental values 
of lift, drag, pitching moment and power increments 
obtained, without outlet vanes, over a large range of ad- 
vance ratio V/ND. With the exception of power data, 
these figures demonstrate that the coefficients used suc- 
cessfully “collapse” the data with respect to fan rota- 
tional speed. It is thought that the reason the power data 
do not collapse is due in part to inaccurate allowance 
for motor losses when operating at small fractions of 
full-load power. The large increases of lift and drag 
were not predicted by simple momentum considerations 
and consequently some water tunnel flow visualization 
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Figure 8 
Pitching moment vs advance ratio, no outlet vanes 
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Figure 9 
Shaft power vs advance ratio, no outlet vanes 


studies and surface pressure measurements were made 
in order to provide some understanding of the flow 
pattern near the fan. These studies will be discussed later 
in the text. 

It is interesting to replot the pitching moment data 
in terms of the position of the centre of pressure of 
the fan lift (Figure 10). The centre of pressure is found 
to have a maximum shift at low advance ratios where it 
moves well ahead of the wing leading edge. 

In preliminary project study analyses it was found 
that only the lower advance ratio data (V/ND < 0.7) 
were required, particularly with high fan disc loadings 
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Figure 10 
Centre of pressure of fan lift, no outlet vanes 


Figure 12 
Drag vs advance ratio, rpm = 15,000 
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Figure 11 
Lift vs advance ratio, rpm = 15,000 


of the order of 500 lb/ft’. Figures 11, 12, 13 and 14 
show the data plotted over this limited range for several 
outlet vane angles, 6. The drag and lift curves illustrate 
the magnitude of forward thrust (negative AD) and the 
corresponding reduction of lift produced by deflecting Figure 13 

the fan jet rearward. ae Pitching moment vs advance ratio, rpm = 15,000 
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Figure 14 
Shaft power vs advance ratio, rpm = 15,000 
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Figure 15 
Momentum theory vector diagram 


THEORETICAL CONSIDERATIONS 


The fan-wing model used in the test did not néces- 
sarily represent a practical design configuration. There- 
fore, in order to make use of the results in project studies 
of lifting fan aircraft it is desirable that they be com- 
pared with some reasonably simple theory. The theory 
need only be capable of predicting the fan drag incre- 
ment as a function of fan lift and forward speed, since 


104 


—— THEORETICAL 
O NO VANES 











Figure 16 
Fan drag/lift ratio vs speed parameter, a = 0° 
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Figure 17 
Fan drag/lift ratio vs speed parameter, a = 10° 


the necessary values of these latter quantities would be 
specified in a design study. 


With reference to Figure 15, it can be seen that the 
force reactions on the model due to the momentum 
change of the air passing through the fan can be ex- 
pressed as a function of angle of attack a, and the jet 
exit angle 6: 

AL = m V; sin (a + 8) 
AD =m V — m JV; cos (a + @) 
and since 
m = pA, Vi = pAa V; sin 8 


AD ee sin 6 
AL \VJ sin (a + 6) 
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— cot (a + 8) 





Using Eqs. (1) and (3) we can eliminate V, from 
Eq. (4) so that 


AD Ae 0 
a ae a 
AL a sin (a + @) cot (a + 0) 


Defining a dimensionless parameter Z = V Jt 


AD Aa sin 6 
we get a = Z ve. sin(a +8) — cot (a + 6) (5) 

Assuming that only the jet momentum forces contri- 
bute to AD and AL, the relation between a, 6 and 6 has 
been determined from the experimental results for the 
case where Z = 0 (i.e. V = 0). It is found that for a 
given B, @ is independent of a and that for all a, 6 and 
§ can be empirically related, to a good approximation, 
by the expression 


6 = 59 + 0.0325 (B — 59.6)? (6) 


AD 
AL are plotted as a func- 
tion of Z for several values of 6 and a in Figures 16 and 
17, and compared with predicted values obtained using 


uD (Eq. (5)) and the em- 


pirical relation between 6 and B (Eq. (6)). The com- 
parison is satisfactory for low values of Z only. The 
failure of this relation at high values of Z implies that 
modifications of the aerofoil pressure distribution due to 
the presence of the fan produce an additional force on 
the model, or that the jet angle @ changes, for a given a 
and f, at high values of Z. 


Experimental values of 


the theoretical equation for 


ii oer 
The expression developed for 47 1s suitable for 


project studies since it fulfills the requirement, pointed 
out earlier, that AD can be predicted, knowing AL and 
forward speed. Knowledge of rotational speed or fan 
exit velocity is not required. Also, it becomes evident 
that the transition phase can be completed within a 
range of Z where good agreement exists between ex- 
perimental results and theoretical predictions. 


From the same momentum considerations used 
developing Eq. (5) an expression can be obtained for 
the power output of the fan system. Power is absorbed 
by accelerating the air through the fan and by develop- 
ing thrust in the velocity direction: 


550AP = m/2/ (AV)? — (AD) V 


Defining a dimensionless power coefficient 


K, = 550AP ods and again using Eqs. (1) to (3) we 


obtain K, = 6 a] Aa/Aa = ue ; sin 8 (7) 
sin 8 sin’ (a + 6) 2 Aa sin (a + 6) 

Theoretical values of K, as computed using Eqs. (7) 
and (6) are compared (Figures 18 and 19) with experi- 
mental values of K, determined using measured input 
powers. If one again assumes that only momentum 
forces act on the model, the comparison of theoretical 
values with experimental values only provides a measure 
of fan efficiency rather than a check on the validity of 
the theoretical development. On this basis, agreement 
between the two values should not necessarily be ex- 
pected. However, the dev elopment can be considered of 
more than academic interest as it indicates a useful 
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Figure 18 
Power coefficient vs speed parameter, a = 0 
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Figure 19 
Power coefficient vs speed parameter, a 
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Figure 20 
Fan velocity vs tunnel speed, rpm — 15,000 


method of presenting a power coefficient for perform- 
ance analyses. Using this presentation of experimental 
data, power input can be determined knowing only a 
required AL and the specified forward speed; no knowl- 
edge of rotational speed or fan velocity is required. 


FAN EXIT VELOCITY 


If there were any major changes of fan axial velocity 
with increasing advance ratio, it might help account for 
the large changes of AL and AD. Consequently fan exit 
velocity measurements were made. The measurements 
show that the velocity is independent of angle of attack 
and also indicate, as shown in Figure 20, that fan velocity 
changes by, at most, 10% over a large range of advance 
ratio. Therefore it can be concluded that this is not an 
important factor contributing to changes of AD and AL. 
Also, since the velocity change is small, it is equally 
appropriate to base the coefficients on fan tip speed as 
to base the coefficients on fan exit velocity. 


Figure 21 
Water tunnel test 


a= @ : 


WD = 0.06 


WATER TUNNEL FLOW VISUALIZATION 


It was thought that some knowledge of the flow 
pattern in the vicinity of the fan would be worthwhile 
in order to determine the nature of the interactions be. 
tween the fan and the aerofoil, and thereby provide 
some understanding of the flow modifications that cause 
the large lift, drag, and pitching moment increments. 


Such flow visualization is possible in the laboratory 
water tunnel. Fine aluminum particles suspended in the 
water are illuminated by a sheet of light provided bya 
mercury vapour light source and a cylindrical lens. The 
light source has a frequency of 120 cps so that when 
photographed individual particles in motion appear asa 
series of dots or dashes on the negative and their spac- 
ing provides a measure of particle speed. 


A nine inch span scaled version of the wind tunnel 
model was installed in the water tunnel, and the small 
fan was driven by a shaft extending out through the 
top of the tunnel. The same advance ratio range was 
studied as with the wind tunnel model; the tunnel was 
run at constant speed and the advance ratio altered by 
changing the fan rpm. 

Figure 21 is a photograph taken at an advance ratio 
of 0.06. A shift of the stagnation line along the wing 
lower surface is quite evident as is the consequent ac- 
celeration of fluid over the upper surface in front of 
the fan. Therefore the flow in front of the fan indicates 
a pressure distribution that would contribute to a strong 
nose-up pitching moment. 


No quantitative studies of this flow field have been 
made to indicate the magnitude of lift forces and pitch- 
ing moment. From consideration of mass continuity one 
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Figure 22 


Pressure distribution near the fan 
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Figure 23 


Chordwise pressure distribution near the fan, a = 0° 
Pressures at spanwise station 0.8 fan dia from fan centreline 


can also see that the velocity behind the fan will increase 
on the lower surface and decrease on the upper surface, 
which would also contribute to a nose-up pitching 
moment. 


SURFACE PRESSURE MEASUREMENTS 


Surface pressure measurements were made to obtain 
4 quantitative measure of the pressure forces on the 
wing. Plastic tube belts (see Figure 1), having 20 tubes 
each, were placed on the wing surface at several span- 
wise stations. About 14 static pressure taps were ob- 
tained at each spanwise station by drilling small holes 
in the individual tubes. This technique limited the num- 
ber of pressure readings obtainable near the fan entry 
because of the sharp curvatures encountered there. This 
was unfortunate as the large pressure peaks diminish 
quickly with increasing distance away from the fan 
entry. 

Figure 22 shows a typical set of pressure measure- 
ments. The suction peaks in front of the fan on the 
upper surface and behind the fan on the lower surface 
are quite pronounced. It is obvious that the pressures 
and pitching moments cannot be accurately integrated 
over the entire surface because of the lack of data near 
the fan hole. 


Figures 23 and 24 show the data at higher wind 
tunnel velocities for the pressure belt nearest the fan. 
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Chordwise pressure distribution near the fan, a = 5° 
Pressure at spanwise station 0.8 fan dia from fan centreline 


Local values of lift and pitching moment can be ob- 
tained by integrating at this spanwise station. It is found 
that there is a sharp rise in lift with increasing advance 
ratio which qualitatively confirms that lift, over and 
above that predicted from momentum considerations, is 
obtained by this modification of the pressure distribu- 
tion. Similarly the pitching moments can be accounted 
for by studying their variation with increasing advance 
ratio at this one spanwise station. 


AIRCRAFT PERFORMANCE CONSIDERATIONS 

A crude performance analysis can provide an insight 
into the behaviour and general characteristics during 
transition of a VTOL aircraft operating on the fan-wing 
principles discussed in the foregoing. Considering the 
requirement for a medium range transport, a simple 
example aircraft has been evolved. 

Some details of the configuration studied are listed 
below: 
(a) all-up weight = 28,350 Ib 
(b) wing aspect ratio = 7 
(c) wing loading = 50 lb/ft? 





(d) wing area = 567 ft* 

(e) 8 fans driven by 4 engines 

(f) fan diameter = 3 ft 

(g) fan diameter/wing chord = 0.3 

(h) fan pitch = 2:5 fan diameters (centre-line spacing) 
(i) fan loading = 500 lb/ft? (based on disc area) 

(j) engine design mass flow = 36.3 lb/sec 

(k) engine sea-level static thrust = 2,720 lb 

(1) Cy, = 0.023 

(m) Oswald’s span efficiency factor, e = 0.9 


From the ratio of wing loading to fan disc loading, 
the total fan area has to be 10% of the wing area. This 
is practicable on structural grounds for the assumed 
ratio of fan diameter to wing chord, although the in- 
crease in wing weight required to maintain the torsional 
stiffness of the original unperforated w ing would be 
about 15° 


The mille of transition flight used both experi- 
mental data and the previously derived momentum 
theory. Several simplifying assumptions were made: 


(a) The momentum theory expression (Eq. (5)) and 
the empirical relation (Eq. (6)) were used to obtain ~ 
in terms of a, 6, and Z. For values of Z greater than 0.5 
or 0.6 the linear relation is no longer adequate. 

(b) The experimental K, versus Z results as compared 
with theory provide an indication of the model fan 
efficiency and a measure of the power required by a 
fan-wing combination with increasing Z. Static results 
for ducted fans without outlet turning vanes reported 
by Kriiger* lead to values of K, as low as 0.6, whereas 
the momentum theory expression (Eq. (7)) gives 
K, = 0.625 under the same conditions. For these reasons, 
the experimental K, curves were factored by 


theoretical Kp 0.625 
No = | —— = —— = 0.442 
experimental Kp 0 1.412 


90 
Z=0 


and these factored results were used in the analysis. 
Whether this procedure can be justified is not critical 
to the analysis since its main effect is on engine size, and 
to study only transition behaviour no engine weight 
need be specified. 

(c) No corrections for multi-fan interaction or for fan- 
fuselage interference were applied. 

(d) No more than 30° backward deflection of the is- 
suing fan jet need be assumed, since wind tunnel tests 
were limited to the range 60° < B < 90°. 

(e) All transitions were done at sea-level. 


(f) The aircraft weight was assumed to remain constant 
oe the transition. 

(g) It has been assumed that static pitching stability can 
= obtained by a separate control system on a moment 
arm so long that the effect of control forces on lift and 
drag can be neglected. 

The transition flight is based on the equations of 
motion 


- W (dz J 
eee ae er 2 
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Figure 25 


Eight-fan aircraft configuration 
Equilibrium flight conditions—all engines “lifting” 


together with Eqs. (5) and (6), the factored experi 
mental results of Figures 18 and 19, and a set of assumed 
engine characteristics. The general solution of | this 
problem is complex to a degree warranting the use of 
analogue or digital computing techniques, consequently 


d*x - 
the case where >, and 5 


are employed in the ‘ lifting” mode will be dealt with 
here. With this restriction there are two independent 
variables; for convenience a and V were chosen. 


are both zero and all engines 


Figure 25 presents three transitions at constant a and 
three with a proportional to V, while Figure 26 gives 
the a, combination for maximum equilibrium velocity 
subject to limitations on ‘N and Z. Obviously higher 
equilibrium velocities will exist if one engine or more 8 
converted to direct thrusting duties, and flight at a high 
cruising speed with all fans shut down will be possible. 


No consideration has been given to weight analysis 
of this configuration. However, the limited performanet 
analysis demonstrates how the wind tunnel results caf 
be applied, and also that high equilibrium velocities can 
be attained using the deflected fan jet alone to provide 
forward thrust. The analogue computer will permit the 
simulation of a complete transition, taking into accoutt 
vertical and horizontal accelerations. 


The aircraft configuration considered was restricted 
to a fan area equal to 10% of the wing area, which leads 


Canadian Aeronautical Journil 












































Figure 26 


Eight-fan aircraft configuration 
Equilibrium velocity—all engines “lifting” 


toa required fan loading of 500 Ib/ft*. If a larger fan 
area and consequently a lower fan loading were per- 


4 


mitted, the fan power loading ( when hovering ) 


AP 
could be significantly reduced. This would result in a 


smaller engine installation and in improved power 
matching between hovering and cruising requirements. 
The dependence of power loading on fan loading is 
readily demonstrated by considering the power coefhi- 


cient K, = 5S0AP jet 


a This may be rewritten in 


550 


AL 1 es 
the form - ae ae + 
550AP Ky NAL/Aa ™ ™ 
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Therefore for a given power coefficient the power load- 
ing can be improved by reducing the fan loading. 


CONCLUSIONS 


Lift and drag forces on the model due to fan opera- 
tion are not predicted by considering only the force 
reaction due to the momentum change of the air passing 
through the fan. Water tunnel flow studies and wing 
surface pressure measurements indicate that additional 
forces can be accounted for by considering the modify- 
ing effect of the fan on the aerofoil pressure distribution. 
These observations also account for the centre of pres- 
sure shift associated with the influence of the fan. 


Fan output power in principle can be theoretically 
predicted from momentum and energy considerations, 
but to predict fan shaft power some knowledge of fan 
efficiencies is required. 

Although lift and drag forces are not correctly esti- 
mated, the ratio of drag to lift can be accurately repre- 
sented by the momentum theory over a range of the 


AL 


ject studies of full scale aircraft using highly — 
fans. This permits the prediction of AD when AL i 
known, as would be the case for any project study. 


parameter Z = or adequate for the purposes of pro- 


Similarly, theoretical considerations provide a rational 
method of extrapolating measurements of shaft power to 
a full scale aircraft. 


The experimental data are adequate for performance 
studies of a preliminary nature. However, a thorough 
study would require more detailed information, particu- 
larly about the geometrical factors such as the ratio of 
fan diameter to chord, the chordwise location of the 
fan, and the fan spacing in a multi-fan system. 


Relaxation of the restriction that the fan area be 
equal to only 10% of the wing area would result in 
higher fan power loadings, with consequent reduction in 
engine size and improvement in power matching be- 
tween hovering and cruising requirements. 
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FUNCTIONAL MOCK-UPS FOR AIRCREW? 


by Dr. M. G. Whillans* 


Defence Research Board 


INTRODUCTION 
“A truly functional design will be achieved only 
after it is thoroughly realized that the crewman is as 
much a part of the plane as any structural or 
mechanical feature.”* 


[ may seem strange that it is necessary to repeat such 
a statement of the obvious, but it is still necessary, at 
least in Canada. 

Everyone admits the need to consider the human 
element in designing aircraft and much attention is being 
given to human factors in specification and in design. 
In such matters as seat height, visibility from cockpits, 
placement of instruments etc, there has been consider- 
able work and consultation with experts, usually late in 
the design and fabrication process. However, there has 
been little professional pre-planning of the human 
element in such systems, and no or little attention to the 
most critical problem of all. 


THE PROBLEM 

The main question facing us in any proposed new 
man-machine system is, “Will it do the job required of 
it?” Where an aircraft is involved there is generally 
immediate attention to thrust, weight and flight en- 
velopes. The human element is still too often taken for 
granted. To the engineer it may seem rather foolish to 
ask what aircrew will be required to do, when he is not 
yet satisfied that he will get the contraption off the 
ground to make it a legitimate flying machine. Obvious 
matters like seat ejection, cockpit illumination and the 
provision of a galley are unlikely to be overlooked. 
What can easily be overlooked is ‘the question of how 
well the crew will be able to do their jobs. I submit we 
have been looking at the fringes of the problem and 
have ignored this main question. Vigilance on such mat- 
ters as seating comfort, oxygen supplies, cabin pressures, 
dials and controls will still be necessary and even vital. 
However careful we may be in seeking the ideal in such 
matters, making as few compromises as possible in each, 
the main question remains unanswered, “Will this man- 
machine combination do the job for which it has been 
designed?” 

Unless we can bring together as many of the man- 
machine factors as possible before expensive fabrication 
is far advanced, and study them together, we shall cer- 


+Paper read at the Joint 1.A.S./C.A.I. Meeting in Ottawa on the 
7th October, 1958. 
*Assistant Chief Scientist and Director of Biosciences Research. 
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tainly end up with an incomplete system and, perha 
even worse, we may never know how much and in wha 
respects it has failed to meet its design requirements. 


METHOD 

The direct way to anticipate this problem is to us 
functional mock-ups. As soon as the general character of 
the aircraft design and the general nature of the crew’ 
responsibilities are known, functional mock-ups should 
be designed and constructed. I use the word ‘functional 
to distinguish this type of mock-up from that made 
simply to ensure that the parts will fit together, and to 
enable the designers to better appreciate the thre 
dimensions so that changes can be more readily planned. 
The functional mock-up type of study would go be 
yond this. It would permit the crew to do many of the 
tasks they will be required to perform in flight. The 
cabin pressure, temperature, lighting, ventilation, noise 
and possibly vibration would be as expected in the actual 
aircraft. If it is a long endurance aircraft, a galley, toilet 
and rest facilities would be provided. Work-rest routines 
would be studied for as long as typical flights would 
last. In addition, the effect of several time-on-duty time- 
off-duty periods on work efficiency could be studied. 
Excellent work along these lines is in progress in two ot 
three laboratories in the United States. Studies have 
been made with space travel in mind. Also, some of you 
will be reminded of the famous Cambridge cockpit 
studies conducted under RAF FPRC auspices during 
and since the war*. These were mainly psychological in 
character. The proposal we are making is that the prin- 
ciple of studyi ing the combination of phy siological, 
human factor engineering and psychological factors in 
a simulated work situation should be applied to all new 
vehicles which may involve unknown or unusual stressés 
for the crew. 


RESULTS 

The study would necessarily be a complex situation 
with many variables, not all of ‘them controllable. Sciet- 
tists in laboratories could not be expected to rush eagerly 
into such work in the hope of publishing papers in the 
scientific journals. 

What I am sure would happen during the studies is 
that various areas of difficulty would appear, each fe 
quiring some attention, just as they now appear during 
flight trials of new aircraft. While only rarely w ‘ould a 
completely satisfactory solution be possible, a_ better 
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compromise generally would be found, and in good 
time. Research and design development people would 
be brought closer together interpreting records, work- 
ing out solutions and testing their solutions. A host of 
small ‘fixes’ would be made and many minor annoyances 
would be eliminated before the aircraft would be built. 

The research man would discover longer-range prob- 
lems suited to closely-controlled experiments. The de- 
velopment man would see a host of layout problems he 
could tackle for this and for other aircraft. Possibilities 
for retrofit in existing aircraft could be explored more 
satisfactorily. 


AN IMAGINARY HISTORICAL ACCOUNT 
Before going further, let me give you as an historical 
account the design history of the Odysseus, an aircraft 
which at the moment exists only in my imagination. By 
this means, nobody’s feelings will be hurt as we recount 
the lessons which were learned during the creation of 
this successful aircraft, and there will be no need to rely 
on conventional memory. As Lewis Carroll’s Queen said, 
“{t’s a poor sort of memory that only works backward”. 
Early in 1960, when the Canadian Government de- 
cided to proceed with the design and construction of 
the C-12X, now called Odysseus, the final proposal for 
an Arctic Inspection plan had just been approved at a 
Summit meeting. Owing to fore-sighted planning, the 
RCAF was quickly able to produce a detailed set of 
operational requirements for an aircraft suited to the 
needs of such inspection as well as to other purposes. 
Commercial interests had been consulted in this plan- 
ning. The Odysseus has proven a versatile and popular 
aircraft in meeting Canadian and other needs, as its 
present manufacture under license in two other coun- 
tries indicates. Its success may seem surprising, as the 
Odysseus is basically a conventional aircraft, as these 
figures show: 
I cjasina sansa deobplioradelincenan 140 ft 
BN cn Sccecsaisrhahrictsctnpebes 100 ft 
Takeoff weight (fully loaded) - 110,000 lb 
panwey leogth 3,000 ft 
Pressurized 
Cruising speed . 
ang speed 110 kts 
I: CONN on cased ances 4,500 mi 
Power _.............. 4 - 3,000 hp turboprop Frasers 


The popularity of the aircraft, apart from its reliability 
and economy of operation, lies mainly in the unusually 
well-planned provisions for crew efficiency. Crew com- 
fort and safety were also specified, but the emphasis in 
the specifications had been placed on crew performance. 
In anticipation of this particular requirement, the firm 
which made the successful bid had gathered a human 
factors team together, and in their bid a plan of study 
was outlined comprising the use of functional mock-ups. 

The team comprised of one engineer who was also 
trained as an experimental psychologist, one part-time 
physiologist and one work methods specialist who was 
experienced in human factors engineering. This profes- 
sional team was supported by an equal number of tech- 
nicians, with extra technical assistance as work demands 


.. 300-350 kts 
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increased. Free use was made of outside consultants, and 
assistance on a number of special problems was provided 
by personnel and facilities of several Air Force, Defence 
Research and National Research laboratories. 


Planning 

The first task of this human factors team was to 
define as closely as possible the duties of each man on 
the aircraft, and the apparatus he would require. This 
proved rather difficult as no one could be definite about 
the details of many of the tasks which were anticipated. 

Next, a simple plywood mock-up of the general lay- 
out of the aircraft interior was constructed, taking ac- 
count of servicing and maintenance problems. The 
general size and location of each of the compartments 
was mapped out. Works layout techniques were applied 
and communication and crew movement paths in the 
aircraft were analyzed closely. 

By this time, the design parameters of the aircraft 
were being more exactly defined and the general char- 
acter of the aircraft had been determined. The aircraft 
was literally designed around the requirements for crew 
work. Through the early feed-in of information from 
the human factors team, an equivalent saving of 5 ft in 
fuselage length was found possible. This saving was par- 
ticularly welcome to the engineers. Originally it had 
been intended to use piston engines, but there had been 
considerable worry that with them the noise levels 
would be above those specified, even with good sound 
insulation. The extra weight and space provided the 
required equivalent extra fuel capacity, and a switch 
was therefore possible to turboprop engines of slightly 
more power. By using contra-rotating propellers, a fur- 
ther reduction in predicted noise levels was achieved, 
particularly in the more troublesome higher frequency 
ranges. 


The functional mock-up 

The human factors team then turned its attention to 
the most urgent and most important problem. With 
more precise design parameters to work in, a more exact 
simulation of the fuselage interior was planned. A cabin 
differential pressure of not less than 10 psi was specified 
for the structure. The temperature range was to be 
55°F — 80°F and humidities were requested from 4% 
to 30% R.H. Noise was to be applied through the fuse- 
lage wall by a variety of speakers. Overall sound levels 
of up to 120 db and limited ranges in octave selection 
were to be provided. 

A revised description of the work required of each 
crew member and of the apparatus he would be using 
was prepared. Then, using a combination of the Cam- 
bridge cockpit principle, to provide recordable data and 
direct observation’, and of modern simulator techniques, 
the functional mock-up was built. With it the most 
important studies related to the aircraft were performed. 
Each test crew was subjected, as a crew, to the various 
environmental factors which were expected in the air- 
craft. At the same time the test crews were required to 
perform their duties as assigned. Six different crews 
were passed through the test procedure, each for six test 
periods, making a total of 36 crew tests. 
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Results 
The main results of these studies can be summarized 
briefly as follows: 


(a) Vigilance and accuracy 

There were significant decrements in vigilance and 
accuracy in tasks requiring close and skilled atten- 
tion*®: *. After the first thirty minutes, the accuracy 
of performance fell an average of 10%, and as much 
as 15% for some tasks. This was particularly evident 
with the navigator-radar operators and with the 
pilots. This decrement did not necessarily become 
worse during the following two hours. A closer study 
of man-machine relationships was then undertaken in 
conjunction with the U.S. National Bureau of Stand- 
ards and the U.S. Air Force. Using the man-machine 
simulator developed by the Bureau of Standards, 
more precise estimates of the effects of the operator's 
performance on various otherwise automatic pro- 
cedures were obtained, as well as data on how well 
the operators were doing their jobs’. This study al- 
lowed more precise planning of each job, especially 
certain specialized tasks in survey and inspection. 


(b) Fatigue 

Fatigue became increasingly evident to the ob- 
servers and usually to the subjects themselves after six 
hours of close work. As fatigue progressed, the test 
subjects became increasingly willing to accept lower 
standards of performance. Less attention was paid to 
instruments not directly in front of the pilot or navi- 
gator, as if they were involuntarily reducing the size 
of their visual fields?. 


(c) Night vs day flying 

Light and dark period simulated flights did not 
settle the question whether performance suffered due 
to disturbance of the 24 hr rhythm of body func- 
tions®. It appeared that greater stress arose from 
the extra vigilance and greater reliance on instruments 
which were necessary. 


(d) Boredom 

Boredom was not evident in the first few ‘runs’ 
with the test crews, but appeared later in the series, 
especially during transit times. It occurred during 
times off work and was accompanied frequently by 
restlessness and interference with sleep’. 


(e) Hypnosis and preoccupation 

Signs of early hypnosis and preoccupation ap- 
peared during monotonous tasks, especially after the 
first hour when fatigue was becoming evident. These 
signs were sometimes evident in lack of prompt re- 
sponses to signals, and in startle reactions with pur- 
poseless activity during simulated emergencies. 

The crew were trained to understand these serious 
effects. The work routines were then altered to provide, 
where feasible, half-hour changes and sharing of duties. 
A more frequent alternation of monitoring responsibili- 
ties between pilot and co-pilot and between the navi- 
gator-radar operators effected a marked improvement 
in accuracy of work with less subjective fatigue. The 
mealtimes and coffee breaks were planned to assist in 
this respect. 
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(f) Night vision 

The night vision of the forward look-out navi. 
gator was impaired unless the cabin was maintained 
at a simulated altitude of 5,000 ft or less. A further 
improvement in night vision was effected by breath- 
ing oxygen, and this was recommended for this posi- 
tion during night flights. At lower cabin altitudes 
the general working efficiency and alert responses of 
all crew members were preserved for longer periods, 
A cabin altitude not exceeding 5,000 ft was therefore 
specified. 


(g) Noise 

There were some annoying localized high fre. 
quency noises, some due to background noise in ear- 
phones, others to faults in the ventilating system, 
which affected the performance of one of the special 
instrument operators who was required to have good 
pitch discrimination. It was found that pitch discrimi- 
nation for higher frequencies was seriously impaired 
from the working efficiency viewpoint’. Removal of 
the cause of the noises was not always possible, but 
a marked improvement resulted from redesign of cer- 
tain ventilation outlets and from better intercom- 
munication equipment. 


(h) Cockpit displays 

The cockpit displays were subject to numerous 
changes during the study. A pictorial stylized map and 
aircraft attitude combined display and autopilot navi- 
gator for the pilot and navigator® "” proved to be a 
valuable asset, mainly as a check device and during 
low visibility conditions. 


(i) Monotony 

It was found that if too much reliance was placed 
on this system of instruments, the monitoring capaci- 
ties of the human operators were dulled, apparently 
because of lack of enough interesting work. Accord- 
ingly, a number of tasks were assigned to each man 
to be done without the help of automatic instruments. 
In this way a reasonable work challenge was offered 
the crew and proved useful in reducing this danger. 
Transit times were particularly difficult periods to 
plan. They were eventually used to practise and im- 
prove aptitudes in inspection and in emergency prfo- 
cedures. By using prepared magnetic tapes, simulated 
signals were fed to the operators through their survey 
and inspection apparatus, and response timing and ac- 
curacies were measured. Each crew man was thus able 
to assess his own performance. 


(j) Air conditioning 

The chief problem proved to be the provision of 
adequate humidity. Unless cabin air humidity was 
maintained at or near 25°%% or more, the incidence 0 
irritated, dry throats and noses was high. A simple 
light-weight humidifier was therefore installed in the 
ventilation system’. 


(k) Miscellaneous 

Many minor problems were solved as they arost. 
The headsets proved to be unbearably uncomfortable 
after the first hour. A requirement for a better head- 
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set was restated, and a much lighter and more com- 
fortable headset was produced. The parking brake 
handle was redesigned and relocated to provide a 
more effective pull. Annoying reflections at night on 
the windshield from illuminated dials were prevented. 
The bunks were fitted with reading lamps. The galley 
was equipped with a small refrigerator and a warming 
oven. Precooked, frozen foods were provided and, 
using the warming oven, full course hot meals were 
rovided once a day in addition to a conventional 
breakfast and one light, cold meal with hot drinks. 


(1) Physical conditioning 

A detachable trapeze bar was fitted across the 
gangway to encourage simple exercises. It was re- 
luctantly decided that a steam bath should not be 
provided, although the physiologist had shown that a 
compact one could be installed with small power and 
weight penalties. 


DISCUSSION 

The foregoing exercise in imagination provides a 
summary of the major problems which could be en- 
countered in a large aircraft and of the methods which 
could be employed towards their solution. Every one of 
these problems as outlined exists in one or more of our 
modern aircraft flying today. None of the aircraft built 
in Canada has had an adequate, prior, systematic study 
of the operator’s problems in each aircraft type. 


If high accident rates due to human or pilot error 
continue, it is illogical and unfair to continue to blame 
the operator. We do not ‘blame’ the structural member 
of an aircraft if it fails from fatigue — we look to the 
designer for a solution. We should therefore look closely 
at the way the operator’s job and the machine are de- 
signed. Aircrew themselves do not always help. They 
often feel responsible for making mistakes which basi- 
cally are caused by design faults. Another point is that 
we should appraise not only what an airman can do but 
also what he thinks is worth doing. All these complex and 
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often subtle problems are not easily foreseen unless we 
test for them beforehand. Functional mock-ups offer an 
obvious but neglected means toward a better operational 
result. 


CONCLUSION 


In order to save time, money, and expensive and 
often unsatisfactory retrofits, man-machine problems can 
profitably be studied using the functional mock-up as a 
tool. Human efficiency can thus be studied objectively 
and directly in relation to the specific machine system. 
Means towards the preservation or improvement of the 
efficiency of the operator can be studied and tested be- 
fore translation into the final design of the machine. 
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TECHNICAL FORUM 


Manitoba Government Air Service 


A summary of a talk by J. Uhlman, Director, Manitoba 
Government Air Service, delivered before the 
Winnipeg Branch on the 27th January, 1959 


M* Uhlman introduced his talk by describing Gov- 

ernment Air Service since its origin to its present 
status. It was started in 1932 by a group of ex-RCAF 
pilots using two Vickers Vedette biplanes purchased 
from the RCAF. The original group using these ma- 
chines were primarily concerned with Forest Fire Con- 
trol work, and little expansion was made until after 
World War II. During World War II, Government Air 
Service was at its lowest level since its inauguration, 
consisting of 3 aircraft and a staff of 6. As the Service 
was expanded to meet other Government departmental 
requirements, cabin aircraft were purchased, the first 
being a Fairchild FC-2 powered by a Wright engine. 
Since then, this type of equipment has been used and, 
at present, the fleet consists of 8 De Havilland aircraft 
(6 Beavers and 2 Otters). To employ the staff during 
the break-up seasons, the policy of doing their own 
maintenance and overhaul work was introduced. This 
has been expanded until, with very minor exceptions, 
the operation is self-sustained. 


Mr. Uhlman was extremely proud of the high level 
of maintenance obtained and the general condition of 
the aircraft, taking into consideration that machines 
land, on the average, every 60-odd miles either on pon- 
toons or rough snow. Modern headquarters and main- 
tenance hangars have been built at Lac du Bonnet where 
all aircraft and engine overhaul is carried out. Two 
aircraft are stationed at The Pas on a year-round basis. 
A summer base is maintained at Norway House and a 
winter base in the Thompson River area to be of maxi- 
mum service to mining and other crews operating in 
northern Manitoba. Bush flying of this type is strictly 
on visual flight rules, the pilot relying on his maps, com- 
pass and knowledge of the country. 

Manitoba Government Air Service provides trans- 
portation and communication for a number of Provincial 
Government departments. They maintain, as part of 
their operation, 400 radio communication sets and, up to 
the present, have built most of this equipment. They 
also have 100 mobile units which can be moved to any 
operation centre. Mr. Uhlman then went on to deal 
specifically with the work carried out in each de- 
partment. 


Fishing Branch 

Transportation of Inspectors to commercial opera- 
tions throughout the northern lakes, to ensure fishing 
regulations are met and that fish meet the requirements 
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of the Health Standards. To meet the Dominion health 
requirements, lakes are sampled regularly to ensure that 
fish are not contaminated. Transportation of fish eggs 
from the Clear Water Lakes to the fish hatcheries and 
the transportation of trout fingerlings from various 
hatcheries to sporting lakes in the Whiteshell area are 
one of the last and first jobs undertaken in the fall and 
spring. 
Forest Branch 

Forest work utilizes ¥% of the operational aircraft, 
which are employed in fire detection and supervision. 
Once a fire is detected, fire fighters are flown to small 
lakes as close to the area as possible to permit effective 
fire control. The Government Service developed the sys- 
tem of dropping 50 gallon plastic water bags on small 
fires. This was reasonably effective and has been im- 
proved upon by the Ontario Government by the mass 
drop methods. Transportation of Fire Wardens from 
Winnipeg to various stations is also a major undertaking 
carried out by this Department. Transportation of con- 
struction materials for towers, timber cruisers, and insect 
infestation inspections are jobs which are the responsi- 
bility of the Air Service. 


Game Branch 

Some years ago, Manitoba introduced a registered 
trap line system whereby groups of trappers in various 
districts mutually agreed to work prescribed areas, 
usually defined by natural barriers such as streams of 
rivers. These trap lines are registered and periodically 
the trappers are gathered together for meetings or dis- 
cussions. The picking up of trappers and bringing them 
to some central location is done by the Government Air 
Service. 


The destruction of timber wolves is also a majot 
undertaking in the winter. Deer or caribou are killed 
and the meat poisoned. Carcasses are then cut up and 
distributed to various lakes and later on the aircraft 
return to pick up the dead wolves. This type of work 
is extremely hard on the aircraft since it is taking off and 
landing on rough snow continuously all day. Also, the 
fresh meat steams up the interior of the cabin and win- 
dows making it an unpopular job with the pilots. Aerial 
Game census are carried out for the deer and caribou 
population as far as the Northwest Territory border; 
live beaver are transported from crowded streams 
more remote areas. 
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Lands Branch 
A considerable amount of aerial survey work is car- 
ried out for this department. 


Mines Branch 

During the summer, exploration field parties are 
flown to various locations with their equipment. They 
are maintained during the summer by aircraft and 
brought out in the fall. 


Survey Branch 

During the winter, the Government survey parties 
are employed cutting survey lines in the northern part 
of the province. This is an important part of the north- 
em development programme, to permit the location of 
mining claims, timber development etc. At present, these 
parties are working along the northern boundaries of 
Manitoba. The practice is to establish a camp and as the 
cutters move forward they are returned by aircraft to 
the base camp each night. Every 5 or 6 days the camp 
is moved forward to keep headquarters in close proxim- 
ity to the actual working parties. Transportation of men 
to the cutting areas and the moving of camps is one of 
the duties of the Air Service. This type of taxi service 
of about 5 minutes duration is extremely hard on air- 
craft. The main aircraft base and camps are at Lynne 
Lake and the aircraft leave each morning and night for 
the various lakes for this work. 


Water Resources Branch 

Hydrographic survey work is being carried out on 
a large number of northern rivers to ascertain Hydro 
potentials of this area. Aircraft are almost steadily em- 
ployed during the winter, flying in crews to various 
areas employed in this work. These camps have to be 
maintained by aircraft and a certain amount of recon- 
noitering is carried out to assist the ground parties. Also, 
the altitude of all lakes in the area must be measured and 
this is usually done by flying in engineers, who deter- 
mine the level of the lake above sea level and the sur- 
rounding rivers. 

A number of other Government Departments use the 
aircraft as a means of communication. Government offi- 
cials visiting some outlying area, the flying in of 
prisoners and the return of ex-prisoners to their northern 
homes, mercy flights for the Department of Health and 
Welfare, telephone and power line inspection are all in 
a day’s work for the Government Air Service. 

The aircraft average approximately 350 to 400 hrs 
per year in the air and this utilization is being steadily 
increased by the establishment of overlapping bases to 
the north which will eventually permit year-round 
operations. Approximately 27 gas caches are maintained 
in the north for winter operation. Gas is transported 
whenever possible in the summer by boats and in the 
winter by tractor train. 
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SECRETARY’S LETTER 


PROGRAMME AND PLANNING 
W' are now approaching the end of the active season 
of monthly Branch meetings and so forth and, al- 
though there will not be much of a lull in our pro- 
gramme until June, it is not too early to begin thinking 
about next year. In April and May ‘the new Executive 
Committees of the Branches will take office and during 
the summer months they will be planning their pro- 
grammes. I am sure that they w ould welcome sugges- 
tions from their members. Now is the time for every one 
of us to look back over the past season, w hile it is oe 
in our minds, and try to think of ways in which i 
might have been improved. 

When a Branch Annual General Meeting is over, all 
of us, including the newly appointed Executive Commit- 
tee, are tempted to sit back and do nothing until late 
July or August. Then begins a general scramble to line 
up a speaker for September and thereafter the pro- 
gramme is liable to be built up in a hand-to-mouth 
fashion, because things have been left too late for any 
real planning. Moreover those responsible for the pro- 
gramme have had no opportunity to consult the mem- 
bership and, in any event, the membership has giv en no 
thought to the subject and has forgotten its “beefs” 
about the season before. 


Let us all try to do better this year. 


What else? 

And this applies not only to the ordinary programme 
of Branch meetings but to other activities as well. The 
Ottawa Branch has set up an Education Committee — 
nothing to do with the Institute’s Provincial Committees 
~ with the idea that it should investigate the feasibility 
of organizing courses of lectures for the members of the 
Branch. These lectures would be quite distinct from the 
monthly meetings; they would be more like “evening 
classes” and those enrolled would pay a small fee for 
each course. (At least this is my understanding of the 
proposal, ) I cite this as an example of the sort of ac- 
tivities that Branches might explore. 
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I feel sure that many members have ideas about ways 
and means by which the Institute could serve them 
better. Those responsible for our programmes are in- 
clined to be too close to the problem and they would 
welcome suggéstions (sensible suggestions! ) from others 
with a wider perspective. 


This invitation for suggestions is not confined to 
Branch activities. I know that the Council’s Planning 
Committee would welcome ideas about the expansion of 
the Institute’s services as a whole. 


PRODUCTION SECTION 

We ran a notice in the December issue about the 
proposed Production Section; we were anxious to assess 
the demand for such a Section and we did, in fact, get a 
few replies — I should have liked a few more. 


I must confess that the proposal is hanging fire, 
largely due to my inability to visit Toronto (where it 
originated ) to talk it over with the moving spirits. The 
preparations for the Special Anniversary Meeting last 
month and the coming Annual General Meeting i in June 
have kept me pinned down to Headquarters. I mention 
this now to reassure the many members whom I know to 
be interested that I have not forgotten about their Pro- 
duction Section and will get around to it at the first 
opportunity. 


STAFF 

Mr. W. A. Chisholm joined the staff as Assistant Sec- 
retary, in the middle of February. He arrived just before 
the Special Anniversary Meeting; it was a little like the 
arrival of Bliicher at Waterloo but I was aw fully glad 
to see him. 

I hope that all our members will get to know him 
well and that, with his help, we shall be able to give you 
better Headquarters’ service. 





BRANCHES 


Montreal 
Reported by I. S. Macdonald 
January Meeting 


W/C C. R. Thompson chaired the 
meeting held on the 21st January and 
explained that the planned speaker for 
the evening, Mr. J. Dancik of the Ver- 
tol Company, was unable to arrive in 
time for the meeting due to poor 
weather. 

Mr. J. T. Dyment introduced Dr. 
G. S. Hislop, Chief Engineer of the 
Fairey Aviation Company, and ex- 
plained that Dr. Hislop had accepted a 
last minute invitation to talk about the 
development of the Fairey Rotodyne. 


Dr. Hislop introduced first some of 
the drawbacks of the current heli- 
copters, namely that they are too slow, 
too small and too costly to maintain for 
intercity operation. The reason he gave 
for the slowness of the conventional 
helicopter was the fact that the rotor 
must supply all the thrust, lift and con- 
trol of the aircraft. This imposes a high 
load on the rotor and the speed is there- 
fore limited by the tip stalling of the 
blades and consequent vibration. 

The design of the Rotodyne was con- 
ceived to relieve the rotor of its heavy 
work load by first providing a wing to 
absorb much of the lift in cruising 
flight. Secondly, engines were installed 
to provide thrust so that in normal 
flight no thrust is required by the rotor. 
Thirdly, manoeuvering control is sup- 
plied through an empennage of a con- 
ventional type. 

Dr. Hislop pointed out that the Roto- 
dyne design combines the characteris- 
tics of a helicopter at takeoff, landing 
and hovering conditions, plus the ad- 
vantages of conventional aircraft facili- 
ties of wing, propellers and tail control 
in normal flight. In this way, it is hoped 
that the speed of the aircraft will reach 
150 kts. 

The problem of providing a power 
of 6,000 to 8,000 bhp into the big rotor 
would have been extremely difficult and 
costly if done by normal means. The 
size and complexity of the transmission 
would have offset many of the advan- 
tages of the design. Dr. Hislop then 
discussed the design and development 
of the pressure jets at the tips of the 
rotor blades. Air from the engine is fed 
through the rotor blades and fuel is 
supplied also through the blades to a 
simple pressure jet on each tip. These 
jets drive the large rotor at high speed 
and thus develop the high power neces- 
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sary for takeoff and hovering. During 
normal flight the rotors are not driven 
but merely form wind-milling drag. 

Dr. Hislop then showed an excellent 
colour film of the development work 
and flight testing of the Rotodyne. His 
running commentary of the testing of 
the many components gave clear evi- 
dence of the great amount of research 
that was necessary prior to the first 
flight of the aircraft. 

The subject promoted several inter- 
esting questions regarding the payload, 
weight, cost and development aspects 
of the Rotodyne. ' 


W/C Thompson thanked the speaker 
for a most interesting talk. Forty-five 
members attended the dinner. Several 
members from the newly-formed Stu- 
dent Section were also in attendance. 


Halifax-Dartmouth 
Reported by Lt. J. A. Turner 


January Meeting 

The monthly meeting of the Branch 
was held in the cinema of the Chief 
Petty Officers’ Mess, HMCS Shear- 
water, on Thursday, 22nd January. A 
total of 41 members and guests were 
present. 

The Chairman read from the report 
of the Fiftieth Anniversary Committee 
in the absence of the Committee Chair- 
man, Mr. R. Wallworth, who was ab- 
sent through illness. The report out- 
lined the arrangements for a commem- 
orative banquet, marking the Fiftieth 
Anniversary of the first aeroplane flight 
in Canada, which will be held on the 
23rd February in the Nova Scotia Hotel, 
Halifax. The special guest speaker for 
the banquet will be Mr. D. O. Turn- 
bull, who is the son of Dr. Rupert 
Turnbull. Dr. Turnbull is noted in the 
field of aviation as having built one of 
the first wind tunnels in the world, in 
1902, and developed the first variable 
pitch propeller. Special guests at the 
banquet will include the Lieutenant- 
Governor, Major General E. C. Plow, 
Heads of the Armed Services for the 
area, and the Mayors of Halifax and 
Dartmouth. 

The speaker for the January meeting, 
Mr. J. H. Evans of Cossor (Canada) 
Limited, was introduced by Mr. W. J. 
Robinson. 

Mr. Evans presented a paper on 
“Electronic Aids to Navigation”. In the 
introduction he indicated the basic 
problems of aircraft navigation and how 


these problems could be solved by vari. 
ous basic navigational methods and aids 

Mr. Evans reviewed the basic carrier 
wave theory and, with the aid of a 
oscilloscope, gave a visual demonstr. 
tion of some of the principles used in 
electronic aids. He discussed in cop. 
siderable detail various guidance and 
ranging systems currently available and 
under development, outlining their op- 
erating principles and specific applica 
tion in the navigation field. 

In conclusion it was noted that, a- 
though numerous aids were available 
the systems used would vary depending 
on the role of the aircraft and the 
weight penalty involved. This latter 
consideration would be of prime im- 
portance to the commercial operator. 

After a brief intermission, a very in- 
teresting and invigorating — discussion 
period followed, during which the 
speaker answered questions presented 
by the members and guests. The speaker 
was thanked by Lt. D. G. Morris. 


Winnipeg 
Reported by G. Milner 
January Meeting 

The fourth meeting of the Branch 
was held in the Westinghouse Audi 
torium on the 27th January. It was ad- 
dressed by Mr. J. Uhlman, Director, 
Manitoba Government Air Services. 


The speaker was introduced by Mr. 
B. W. Torell, Vice-Chairman of the 
Branch, who told briefly of Mr. Uhl- 
man’s experiences as a pilot in World 
War I, subsequent flying experience 
with the RCAF, and finally his taking 
over and establishing the Government 
Air Service in 1932. 

(Mr. Milner’s summary of Mr. Ub- 
man’s lecture is rather long for this 
section of the Journal but it is of com- 
siderable interest and is reproduced i 
full in the Technical Forum on page 
114. — Sec.) 

The speaker was thanked by Mr 
D. A. Newey for a very interesting 
and entertaining evening. The meeting 
concluded with two films, “Mapping 
Northern Manitoba” and “Fishing”. 


Vancouver 
Reported by G. W. T. Roper 
January Meeting 

On Wednesday, 21st January, # 
members participated in a condu 
tour of No. 5 Air Division Combat Op 
eration Center. The tour was under the 
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direction of S/L L. E. Evans, Duty 
Operations Officer. 

Within limitations necessary for 
security reasons, S/L Evans outlined 
how Division 5 and other similar Divis- 
jons were organized and their affiliation 
with NORAD and the Air Defence 
Command. The functional, geographical 
and political aspects of this phase of de- 
fence were also outlined in special detail 
to enable those in attendance to under- 
stand the tremendous task of organiza- 
tion and control required to safely 
guard the North American continent. 

It is practically impossible to give a 
detailed account of all that transpired 
during this tour but it can be said, on 
behalf of those present, that the tour 
was well organized and most informa- 
tive. 


Calgary 
Reported by H. E. Hampshire 


February Meeting 


A Dinner Meeting was held on Tues- 
day, 10th February, at the Al-San Club 
in downtown Calgary. Forty-one mem- 
bers and guests were in attendance, a 
commendable effort considering the 
outside temperature of nearly 20° be- 
low. 

Models of the Silver Dart and the 
Arrow were on display to commemor- 
ate the Golden Anniversary of Flight. 
These models were fabricated by the 
aviation students at the Institute of 
Technology and Art in Calgary. Their 
efforts in this regard were greatly ap- 
preciated by all. : 

The Chairman, Mr. W. A. B. Saund- 
ers, opened the meeting by introducing 
members and guests at the head table. 
A short business session followed at 
which time it was learned that F/L E. 
Erhart will be leaving this area in early 
summer. 


The guest speaker of the evening, Mr. 
A. L. Sutton, Service Manager of 
Orenda Engines Ltd., was then intro- 
duced by S/L M. R. Barrett. Mr. Sut- 
ton opened his talk on the Iroquois 
turbojet engine by some brief refer- 
ences to the earlier developed Chinook 
and Orenda engines. In 1953 the Iroquois 
was designed and quickly backed by the 
Hawker-Siddeley group. Although ac- 
tual performance figures are classified, 
Mr. Sutton explained that this engine 
was in the 20,000 Ib thrust category and 
left no doubt in the minds of the aud- 
leNce as to its potential. Design features, 
sich as the thrust-weight ratio, two 
spool compressor preference and graphs 
illustrating specific fuel consumption, 
Pressure ratio, specific thrust and com- 
bustion temperature at varying Mach 
tumbers were shown on projected 
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slides and explained in detail by Mr. 
Sutton. After dealing with certain of 
the newer types of material used in con- 
struction of the engines, the speaker 
concluded his address by outlining the 
various stages of development testing 
carried out. Mr. Sutton was thanked by 
F/L Erhart on behalf of the Branch for 
his most interesting and informative ad- 
dress. 

The guest speaker was followed by 
the showing of a film “Supersonic Sen- 
tinel”, an excellent although brief ac- 
count of the design, manufacture and 
initial test flying of the Avro Arrow. 


Ottawa 
Reported by R. L. Wardlaw 


Special Meeting 

A special meeting was held on the 
2nd February at the RCAF Gloucester 
St. Officers’ Mess. The special meeting 
was called since the Branch had the 
opportunity of being addressed by Mr. 
J. Lukasiewicz. Mr. Lukasiewicz is a 
former Secretary of the Ottawa Aero- 
nautical Society and was a member of 
the Interim Council of the CAI. He is 
now in charge of the Gas Dynamics 
Facility of ARO, Inc., near Tullahoma, 
Tenn. 


The Branch Chairman, Mr. H. H. 
Kelland, was in the chair and he intro- 
duced our guest speaker. Mr. Luka- 
siewicz spoke on “Experimental Investi- 
gation of Hypervelocity Flight”. Before 
getting seriously into his subject matter, 
Mr. Lukasiewicz showed a short movie 
entitled “Samba” which demonstrated 
in a novel, entertaining style, the cap- 
abilities of helicopters. With the aud- 
ience now in a more receptive mood, 
the speaker outlined experimental tech- 
niques which are now being developed 
for hypervelocity investigations in re- 
lation to characteristics of trajectories 
of interest. The problems of shock tube 
tunnels, piston-compression tunnels, 
Hotshot-type tunnels, aeroballistic 
ranges and free flight were considered. 
The electric-arc method of heating air 
to drive wind tunnels (Hotshot-type) 
is being used at ARO, Inc., and these 
facilities were discussed in detail and a 
motion picture was presented showing 
the equipment and its operation. 16 inch 
and 50 inch diameter tunnels are in use 
and velocity simulation up to Mach 8 
and Mach number simulation up to 
Mach 10 can be realized. 

An interesting question period fol- 
lowed the talk and Mr. Lukasiewicz 
was thanked by Mr. R. J. Templin. 
Thirty-seven members and _ fifteen 
guests were present. 


February Meeting 


The regular February meeting was 
held on the 11th February in the RCAF 


Beaver Barracks and Mr. Kelland was 
chairman. G/C E. P. Bridgland intro- 
duced the guest speaker, Mr. R. D. His- 
cocks, the Chief Design Engineer of 
De Havilland Aircraft of Canada Ltd. 
Mr. Hiscocks spoke on “Design and 
Development of a STOL Aircraft”. 

The Company’s experience with util- 
ity and STOL aircraft leading up to the 
conception of the Caribou was outlined. 
The ability of a utility aircraft to oper- 
ate in undeveloped areas with no estab- 
lished airfields was stressed. For this 
type of operation, ruggedness and re- 
liability are of unusual importance and, 
consequently, where possible, the use of 
proven components is desirable. This 
was a factor in the selection of the Pratt 
& Whitney R-2000 engine, which not 
only has established reliability but is in 
wide use throughout the world, thereby 
alleviating the maintenance problem. In 
order that the aircraft attract a wide 
market, the aircraft has to be extremely 
versatile and capable of both civil and 
military application. 

With the above considerations in 
mind, the problems associated with the 
evolution of the final Caribou design 
were discussed. The talk was concluded 
by a discussion of the STOL perform- 
ance of the aircraft. 

Following a lengthy question period, 
Mr. Hiscocks was thanked by Mr. J. A. 
Dunsby. Forty-six members and eight 
guests were present. 


BRANCH STUDENT AWARDS 


In the November 1958 issue of the 
Journal we announced the forthcoming 
scheme of Student Competitions and 
Awards, which at that time was starting 
to take shape, with several Branches 
having submitted their proposals for 
Council approval. 

Members will be interested to know 
that the following schemes have been 
approved for the Student Award com- 
petitions, to take place at the various 
educational institutions within the area 
of each Branch. 


Calgary 


Provincial Institute of Technology 
and Art 

For the best technical report. These 
reports will be assessed by a panel of 
judges made up from the Aeronautics 
Department and the English Depart- 
ment of the PITA in cooperation with 
the Calgary Branch of the CAI. 


Halifax-Dartmouth 


Nova Scotia Technical College 


For the highest standing in the sub- 
ject of Fluid Dynamics in the final year 
of Mechanical Engineering. 
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Montreal 


Loyola College 
McGill University 
Sir George Williams College 
University of Montreal 
For a paper having a topic related to 
aeronautics, and the winning candidates 
delivering their papers orally. The 
awards will be divided into two parts: 
(a) The best paper from each of the 
aforementioned educational institu- 
tions. 

(b) The top paper selected from those 
in (a) above. 

The panel of judges will consist of 
representatives from industrial and edu- 
cational facilities in cooperation with 
the Montreal Branch of the CAI. 


MEMBERS 


‘NEWS 


Dr. A. M. Ballantyne, Hon. F.C.A.I., was 
recently named a Fellow of the Insti- 
tute of the Aeronautical Sciences. 


B. J. Kaganov, A.F.C.A.I., was a recipient 
of one of this year’s B’nai Brith 
awards to outstanding Jewish figures 
in the arts and sciences. 


LCDR G. M. Cummings, M.C.A.I., has 
been transferred from HMCS Bona- 
venture to the Naval Aircraft Main- 
tenance School, Shearwater, as the 
Training Officer and Deputy Officer- 
in-Charge. 

W. A. Chisholm, M.C.A.I., formerly with 
Canadair Ltd., has joined the staff of 
the Canadian Aeronautical Institute as 
Assistant Secretary. 


P. Y. Davoud, M.C.A.I., a Director and 
Vice-President of Orenda Engines 
Ltd., was recently appointed to the 
position of Chairman, Air Transport 
Board. 


G. B. Rayner, M.C.A.I., formerly Super- 
intendent of Maintenance, Maritime 
Central Airways, is now employed as 
Chief Aircraft Inspector, Dept. of 
Transport, Ottawa. 


B. W. Spacey, Technical Member, has 
left Canadair Ltd. for a period of one 
year with Boeing Airplane Co., Seattle. 


R. E. Stoddart, Technical Member, has 


Toronto 


University of Toronto 


For the three best theses by aero- 
nautical engineering students, based up- 
on assessment of the content and oral 
presentation, by the Toronto Branch of 
the CAI. 


Ryerson Institute of Technology 


For the best technical report. The top 
three reports being submitted to the 
Toronto Branch Committee for selec- 
tion of the winner. 


Central Technical School 


For the best general academic record 
during the final two years of the Air- 
craft Mechanics Course. 


DEATH 


It was with deep regret that we 
learned of the death in December of 
G. W. Bath, Technical Member, who was 
a Draftsman with Avro Aircraft Ltd. 


AWARD TO PROFESSOR LOUDON 


The Professional Engineers Medal, 
presented by the Association of Pro- 
fessional Engineers of the Province of 
Ontario for Outstanding Achievement 
by one of its members, was awarded to 
Professor T. R. Loudon, Hon. F.C.A.L., 
at the Annual Meeting of the Associa- 
tion on the 24th January. This is only 
the seventh time that the Medal has 
been awarded since it was introduced 
in 1946. The award was made to Pro- 
fessor Loudon “for a valuable contribu- 


Vancouver 


Canadian Services College, Royal Road; 

For an Essay on a specific aeronauti- 
cal engineering subject, selected by the 
Vancouver Branch Executive who yil 
review the papers and choose the win. 
ner. 


Winnipeg 
University of Manitoba 

For a thesis based on an aeronautical 
subject, with evidence of experience or 
intensive study in some phase of the 
aeronautical sciences, to be judged by the 
University of Manitoba in cooperation 
with the Winnipeg Branch of the CAl, 


tion to the Professional and Educational 
Life of his country” and we feel sure 
that his many friends in the Institute 
will agree that it was well and truly 
deserved. 


As a young man, Professor Loudon 
was a classmate of the Hon. J. A. D. 
McCurdy and the late Mr. F. W. 
(Casey) Baldwin at the University of 
Toronto. In 1910, he helped to organi 
the first air meet held in Toronto - a 
Trethewey airfield in Weston. And in 
1926, he formed the COTC flying club 
at Leaside airfield in suburban east To 
ronto. He holds a private pilot’s licence 
and still manages to get in some flying 
time despite his age. 


During the winter of 1935-36, he told 
an audience at the Royal Canadian In- 
stitute that it wouldn’t be long before 
people would be able to fly from To- 
ronto to Winnipeg and return in the 
same day. The audience, he recalls, 
thought this was a huge joke. 


At the beginning of World War Il, 
Professor Loudon, on loan from the 
University of Toronto to the RCAF, 
organized the Aeronautical Engineering 
School at Montreal, and later took over 
command of the Test and Developmeat 
establishment at Rockcliffe where @ 
types of planes were tested and modi- 
fied and where vital gunnery and radat 
installations were carried out. 


He retired from the university # 
1954 after 47 years of teaching thett 
and is in a consulting capacity posite 
with the De Havilland Aircraft of Ca 
ada Ltd. 


left the Northwest Industries Ltd. to 
join the staff of the Institute of Tech- 
nology and Art in Calgary in the 
capacity of Instructor, Aeronautics 
Dept. 


Professor T. R. Loudon (1) receiving the 

Professional Engineers Medal from Mr. 

C. T. Carson, President (1958) of the As- 

sociation of Professional Engineers of the 
Province of Ontario 
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SUSTAINING MEMBERS 


NEWS 


The Bristol Aeroplane Company of 
Canada Ltd. has announced a reorgan- 
ization of the Company, whereby it 
will be known in future as Bristol 
Aero-Industries Limited and the form- 
er Companies of Bristol Aero Engines 
Ltd., Bristol Aircraft (Western) Ltd. 
and Bristol Aero Engines (Western) 
Ltd. will be known as the Montreal, 
Winnipeg and Vancouver Divisions, re- 
spectively. 


Computing Devices of Canada Ltd. an- 
nounce that their Skyline navigation 
system is to be marketed internationally 
by the Bendix Aviation Corp. and the 
Bendix Radio Division has been licensed 
to manufacture the equipment. 

Skyline is a dead-reckoning naviga- 
tion system developed to meet the re- 
quirements of commercial airlines. In- 
puts from the gyro compass and 
doppler radar are fed to an 8 lb electro- 
mechanical analogue computer. The 
computer continuously computes the 
position of the aircraft with respect to 
a pre-selected track, and presents to the 
pilot his position in terms of miles from 
start or last turning point, miles to des- 
tination or next turning point, and miles 
right or left of track. 

Use of a coordinate system, based on 
the track required rather than on the 
more conventional latitude and longi- 
tude grid, leads to many advantages. 
The pilot is often less concerned with 
his latitude and longitude, though this 
can easily be obtained if needed by re- 
ference to a map. In high latitude op- 
eration, this feature makes it possible to 
use an arbitrary gyro direction refer- 
ence rather than north. 

In normal flying, the Skyline com- 
puter is coupled to the automatic pilot, 
thus providing automatic course correc- 
tions. Should a pilot be forced to devi- 
ate from his track by a storm, the auto- 
matic pilot and Skyline combination 
will take him back to his track in an 
optimum approach. Returning to track 
M an optimum approach is automati- 
cally accomplished by computer signals 
to the autopilot. When flying on track, 
the Skyline provides automatic course 
corrections to the autopilot. 

_In the event of doppler failure, Sky- 
line continues to provide navigational 
information based on the last found 
drift and ground speed until a change 
lM course is made. With an optional 
Wind Triangle Computer, the wind 
peed and velocity are continually 
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available to the pilot or navigator, and 
if the doppler fails the system continues 
to operate as a pure dead-reckoning 
system using the last found wind. This 
Wind Readout feature is expected to be 
of great value to meteorologists, since 
aircraft will be able to report winds 
conveniently and accurately without 
plotting or calculation from any part 


of a flight. 


Skyline is made up of three separate 
units weighing in total less than 15 lb. 
Heart of the system is the computer, 
which is a standard # short ATR rack 
mounted unit. The other two units are 
cockpit instruments. The Computer 
Control Unit displays Track Angle, 
Distance Gone from 0 to 999 miles, and 
Offset Left or Right from 0 to 99 miles. 
The Pilot’s Indicator indicates Relative 
Track, Offset, and Distance to go from 
0 to 999 miles. 


Canadair Ltd. successfully flew the 
first pre-production “Canadair 540” on 
the 2nd February and the second is 
scheduled to fly in March. Both aircraft 
are to be handed over to the RCAF 
and the third will be held indefinitely 
by the Company for test and demon- 
stration purposes. 

The 540 is a two-engine medium- 
range propeller turbine transport, de- 
signed for use in military, commercial 
and executive versions. It has capacity 
for 58 passengers. The pre-production 
aircraft, Convair-built airframes con- 
verted by Canadair for power by Bri- 
tish-built Napier Eland turboprop en- 
gines, have been given those assignments 
pending the delivery of the 540 aircraft 
from the Montreal company’s own pro- 
duction lines. The RCAF has already 
ordered 10 in the military version. 


The military version will be built 
primarily as cargo-carriers but will be 
easily convertible to passenger use, or a 
combination of passengers and cargo, 
when necessary. The RCAF has desig- 
nated the type “CC-109”. In commercial 
versions the planes are being offered in 
world markets in passenger, cargo, con- 
vertible and executive configurations. 


In addition, Canadair has a program 
to convert Convair 340 and 440 aircraft, 
now in commercial or executive service, 
to Eland turboprop engines. 

It is also announced that Canadair 
Ltd. has introduced an unusual feature 
in the CL-44G Transport; the tail unit 
is hinged and is capable of being swung 
back to expose the entire fuselage cross- 
section for cargo-loading. 


It may be of interest to compare this 
swing-tail aircraft with naval aircraft 
design. There, the folding of the wing, 
a primary structural member, is accom- 
plished under much more severe con- 
ditions than those attending the rear 
fuselage break. Naval fighter aircraft 
are designed to higher load factors — 
hinges and actuators are closely con- 
fined in a thin wing, making the prob- 
lem more complex. Their problem is 
also one of space, as controls, hydraulics, 
fuel lines and electrical leads must all 
pass through the break-line. 

The swing-tail has two large external 
hinges on the right hand side of the 
fuselage 90° apart and a hydraulic ac- 
tuator between them to open and close 
the fuselage. Locking is accomplished 
by nine equally spaced latches which 
are designed to transmit fuselage tension 
and shear loads. 

The hinges, actuator and latches are 
backed up by stiff structural members, 
frames, longerons and intercostals, all 
designed to give a rigid structure and 
keep deflections to a minimum. An in- 
flated seal all around the joint is pro- 
vided to prevent leakage of cabin 
pressure. 

Some of the features of the latches 
are: the handles, which are recessed in 
the structure, can only be pulled by 
squeezing a release lever, so inadvertent 
movement of the mechanism is ruled 
out. As a further safeguard, a double 
action latch has been provided; the first 
45° movement of the handle moves the 
hook about } inch horizontally away 
from the latch pin while still keeping 
the shear pins engaged; the last part of 
the handle movement lifts the hook 
clear of the pin, allowing the joint to 
separate. If there is tension on the joint, 
then it is impossible to initiate the sec- 
ond motion of lifting the hook clear of 
the pin. 

As a fail-safe feature, each lock is 
designed to carry a 50% overload in 
order to allow for complete failure of 
any one hook, in which case its load 
will be shared by the two adjacent 
hooks. 

In addition to these basic safety fea- 
tures, an electrical system of micro- 
switches and interlocks is provided to 
safeguard against selecting takeoff pow- 
er unless all latches are secured. When 
opening the rear fuselage, operation of 
the actuator is locked out until all 
latches are free. 

Deflection, sag, and the matching of 
the two sections of the fuselage have 
been fully investigated. Fuselage and 
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frame deflections at the break have been 
calculated under al] conditions up to 
and including a 60 mph wind from any 
direction with the fuselage open. The 
maximum deflection under this very 
severe condition is approximately 4 inch 
vertically at the side opposite to the 
hinges. This is taken care of by a spigot 
and roller system designed to align the 
two halves of the fuselage during clos- 
ing. There is a chamfer of 4 inch on 
the shear pins at each latch to take care 
of local frame deflections (which are 
actually less than 1/16 inch). 

For initial alignment and adjustment 
during overhaul, the hinges and latches 
are adjusted by means of serrated plates, 
and the tension in each latch is accur- 
ately set by means of eccentric latch 
pins. 

The method of locking the fuselage 
by the nine separate latches is con- 
sidered the simplest and most positive 
approach. Fully automatic hydraulic 
locking systems can be designed to do 
the job, but it is not felt that the time 
saved during each operation will justify 
the extra complexity, expense and 
weight. 


Four different methods of breaking 
the control runs have been investigated. 
The one selected consists of providing 
bevel gear boxes and at each side of the 
fuselage break. These convert the ro- 
tary action of the torque tubes to oscil- 
lating motion of a pair of levers, one 
on each side of the joint. The levers 
transmit the control movement across 
the joint by direct contact when the 
fuselage is closed, and merely separate 
on opening — no connections or locks 
are necessary. The gear boxes are the 


BOOKS 


Fundamentals of Advanced Missiles. By 
R. B. Dow. John Wiley & Sons, Inc., New 
York, 1958. 567 pages. Illus. $11.75. 


Rapid development has taken place 
in the field of jet-propelled and guided 
missiles during the last few years. Be- 
cause of the great diversity of compon- 
ents, functionally interrelated, which 
must be combined in a compatible way 
to form a working system, a book 
which gives a comprehensive treatment 
of the subject and its fundamentals in- 
volving propulsion, aerodynamics, guid- 
ance and control of missiles must be 
more than welcome. It is the author’s 
aim to fill an evident gap in this respect 
with a single volume introduction to 
the subject. The title “Advanced Mis- 
siles” has been chosen, though the main 
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same as those used in the Argus to con- 
vert the pilot’s control movements to 
rotary motion of the torque tubes. Gen- 
erous bearing areas are provided to 
allow for all possible misalignment. 
Torque tube splines and universal joints 
permit adjustment of the contacting 
parts. 

The levers on the forward part of the 
fuselage are recessed to protect them 
from damage, and the mating parts on 
the rear portion are protected by a pro- 
truding box structure. 

The CL-44 control surface gust-locks 
are retained on the CL-44G. 

In so far as transmitting the other 
services across the joint — electrical, 
hydraulic, anti-icing etc. — no serious 
problems exist. On the original CL-44 
tail, anti-icing is accomplished by: a 
separate combustion heater in the tail 
fuselage section; therefore, only a minor 
modification to the fuel supply line 
across the joint is required. The same 
applies to the electrical and hydraulic 
system lines and is accomplished with 
flexible joints at the hinged portion of 
the break. 


D. Napier & Son Ltd. has announced 
the formation of a Canadian subsidiary 
to handle their growing business in aero 
and diesel engines in Canada. The new 
company will be known as D. Napier 
& Son (Canada) Ltd. and will have its 
head office at 4104 St. Catherine St. 
West, Montreal. Its principal object is 
to sell Napier’s products; to make con- 
tracts with customers for the overhaul 
of Napier engines; to sub-contract the 
overhaul and servicing of Napier en- 
gines, and to provide and distribute 
spares. 


emphasis is on guided missiles, in order 
to make it clear that the applicability 
of the basic principles outlined in this 
book also extends to long range ballistic 
missiles, earth satellites, and space ve- 
hicles. 


To fulfil its aim, the book treats in 9 
chapters: (1) the fundamentals of kine- 
matics of flight, (2) fluid mechanics, 
with its application to aerodynamics 
and including thermodynamics and heat 
effects, propellants and combustion, (3) 
dynamics, with aerodynamic forces and 
moments, equations of flight, dynamic 
stability, launching and control of mis- 
siles, (4) applications of probability and 
statistics, including reliability and qual- 
ity control, (5) properties of micro- 
waves, (6) infrared radiation, (7) radar, 


In the aeronautical field the compan 
will be chiefly concerned with the in- 
stallation of the Eland propeller turbine 
in civil and military versions of the 
Canadair 540, with the conversion of 
piston-engined Convair airliners to 
Eland power, with civil and military 
applications of gas turbines in helicop- 
ters, with rocket engines and the Napier 
Spraymat system of de-icing. 


De Havilland Aircraft of Canada Lid, 
announce that, after six months inten- 
sive test flying with the first two air- 
craft, changes in the dimensions and 
weight of the DHC4 Caribou have been 
introduced to improve the payload and 
carrying capacity, while still retaining 
the remarkable short takeoff and land- 
ing performance. 

The gross weight has been increased 
from 24,000 to 26,000 lb, which pro- 
vides a greater payload. The aircraft 
will be certificated at this higher gross 
weight and will fully meet the require- 
ments of CAR Part 4B. 


To accommodate the bigger load, the 
cabin has been lengthened some 45 


inches to a length of 28 ft 9 inches, pro- | 


viding space for another row of pas- 
senger seats, which increases the total 
to 30. The cargo capacity is similarly 
increased. Increased capacity improves 
the loading configuration for both pas- 
sengers and cargo. 


Despite the increase in size and 
weight, the outstanding STOL per- 
formance of the Caribou has not been 
sacrificed. The high rate of climb and 
excellent single engine performance are 
also retained. 


(8) guidance, and (9) the concept and 
engineering considerations of guided 
missile systems, with a view to missile 
and overall system factors. 

All these topics are treated concisely, 
with the main objectives of “presenting 
the subject in a logical rather than m 
a formal manner”, and “indicating the 
interrelationships between similar or ft 
lated subjects”. Since the book com 
denses so many and diverse subject 
into one volume, experts in a spect 
field may not always agree with the 
presentation of this subject, but thi 
does not affect the general usefulness 0 
the book. There are also various mis 
prints — which are often unavoidable 
a first edition — and these may some 
times be confusing for the beginner, 
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mainly in the mathematical parts and, 
for example, regarding vector notation. 
All this, however, can be eliminated in 
a following edition. 

It is interesting to note that the book, 
with 555 pages of text (excluding the 
attached index) contains 860 footnotes, 
202 figures and tables and 1,052 for- 
mulae. The great number of footnotes, 
although perhaps distracting, reflects 
the author’s desire to be accurate in 
every aspect and to give explanations 
and references to the reader who wants 
to supplement his knowledge. Even the 
larger number of formulae confirms the 
fact that the reader of a technical book 


| should always be equipped with a pen- 


cil! This is particularly true for this 
book. However, it is doubtful whether 
a reader not fully acquainted with the 
elementary backgrounds of the several 
subjects would always be able to follow 
the treatise so easily as, for example, on 
some topics in the Dynamics chapter. 
This, on the other hand, is an advantage 
insofar as the reader is forced to study 
the book very thoroughly in order to 
“write his own ABC” of the subject. 

In general, the book is most valuable 
for engineers wishing to acquire a 
sound background of the basic prin- 
ciples in all fields related to missiles, the 
various functions of a system and the 
requirements for their combination to 
a properly working unit. 

Dr. H. J. Luckert 


Aireraft and Missile Propulsion, Vol. II. 
By M. J. Zucrow. John Wiley & Sons, Inc., 
New York, 1958. 636 pages. Illus. $13.00. 


This volume, the second of a three 
volume work on aircraft and missile 
propulsion, deals with methods for the 
analysis and determination of the per- 
formance characteristics of thermody- 
namic propulsion engines. The six hun- 
dred page text encompasses five chap- 
ters, beginning with a discussion of gas 
turbine powerplant cycles and followed 
by separate treatments of turboprop, 
turbojet, ramjet and, finally, rocket jet 
engines. The work is aimed primarily 
at the engineering graduate student and 
practising engineers who are not spe- 
cialists in propulsion, and is designed to 
furnish them with an understanding of 
the basic technology of these engines. 

The excellent format of Vol. I is con- 
tinued in the present book. Each chap- 
ter is preceded by a complete nomen- 
clature, points in the text are admirably 
reinforced at every opportunity by il- 
lustrative worked out problems, the 
many figures are of uniform design and 
of unusually high quality (with the 
added advantage of appearing at the 
most convenient places with reference 


March, 1959 


to the text), and each chapter is con- 
cluded with a good bibliography of 
relevant unclassified material. It is prob- 
ably in the area of organization of his 
material that the author has scored his 
greatest success. 

The contents follow the usual lines in 
which the effect of separate variables 
on everything else is traced, in appar- 
ently inexhaustible detail, over a spec- 
trum of circumstance ranging from the 
ideal to the practical. The resulting vast 
mass ‘of data is presented with such 
clarity, however, that the author’s ob- 
jective is surely achieved and it seems 
safe to predict that the complete work 
will acquire the status of a somewhat 
expensive necessity of life for graduate 
students of propulsion systems for some 
time to come. 


R. A. TyYLer 


The Silver Dart. By H. G. Green. Bruns- 
wick Press Ltd., Fredericton, N.B., 1959. 
208 pages. Illus. $4.95. 


It was with no small degree of 
pleasure that I noted from this book’s 
sub-title, “The authentic story of the 
Hon. J. A. D. McCurdy, Canada’s First 
Pilot”, that someone had finally written 
a book on the life of a man who has 
become something of a legend in this 
country. The first few chapters of the 
book on the early life of the young 
Douglas McCurdy certainly seems to 
point up the fact that truth can at times 
be stranger than fiction. 

In the account of the early years of 
the young Douglas McCurdy, it is pos- 
sible to feel the effects of that dominant 
personality Alexander Graham Bell. I 
felt much better though when it was 
finally acknowledged in the book that 
Bell was, like the rest of us, a human 
being with human faults. 

The formation of the Aerial Experi- 
ment Association in 1907 was possibly 
one of the most unique cooperative 
efforts of all time, but one finds little 
mention of their various sources of in- 
spiration with regard to the problem 
of flight. Certainly Bell’s years of kite 
experiments do not seem to have led 
the group too far astray. In an earlier 
book, “Alexander Graham Bell” by 
Catherine Mackenzie published in 1928, 
there is the suggestion that Octave 
Chanute’s classic book was their prin- 
cipal source of reference material. Mr. 
Green’s book appears to have one of the 
most extensive accounts of the A.E.A.’s 
activities that has so far appeared in 
print, but he has used the word “first” 
much too freely. 

The account of that history-making 
flight at Baddeck in the Silver Dart 


gives us a wordy picture of the Mc- 
Curdy who had become one of the 
foremost flyers of that time. Some of 
the most interesting reading is found in 
the descriptions of McCurdy’s barn- 
storming flights in the U.S.A. in the 
years 1910 and 1911. 

While the author’s style of writing 
and choice of words seems unsuitable in 
places, his choice of illustrations has 
been good. Of special note are the 
photographs of “Baddeck No. 1” and 
“Baddeck No. 2”. 

The appendices at the end probably 
have the most controversial material in 
the whole book. This is particularly 
true of McCurdy’s address advocating 
the formation of an English-speaking 
federation of the world. In the bio- 
graphical sketch on “Casey” Baldwin, I 
looked in vain for some mention of his 
work with hydrofoils. 

Finally the index appears to be quite 
a useful one for those who have need of 
such things, and in general the book is 
well produced. 

C. J. Toms 


Flying Witness. By G. Wattace. McClel- 
land & Stewart Ltd., Toronto, 1958. 262 
pages. Illus. $5.00. 


Mr. Wallace bases this book on the 
reports and recollections of Harry Har- 
per and it covers many of the notable 
flights and air meets between 1906 and 
1914. Mr. Harper was appointed Air 
Correspondent by the “Daily Mail” of 
London in 1906. 

In this position he was privileged to 
observe the early balloon flights and the 
development of the heavier-than-air air- 
craft in Europe as well as to know 
many of the early pilots and construc- 
tors. In consequence, while the events 
in the book have been told before, they 
take on a new interest owing to the 
close acquaintance Mr. Harper had with 
many of the people concerned. 

However, the book devotes its main 
attention to events occurring prior to 
1912 and the events from 1912 to the 
beginning of the war are only allocated 
about 24 pages. This is somewhat dis- 
appointing as, for example, the Schneider 
Trophy events of 1913 and 1914 are 
covered in a sentence and a paragraph 
respectively. This apparently reflects 
the Daily Mail’s stories of these events. 

This book should provide interesting 
reading to all, and especially to those in 
the aviation industry. For those more 
deeply concerned with historical avia- 
tion matters, it will provide a useful 
complementary volume to R. Dallas 
Brett’s “History of British Aviation”. 

K. M. Motson 
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APPOINTMENT NOTICES 


Positions Vacant 


period. Write giving full particulars of 


The facilities of the Journal are offered 
free of charge to individual members of the 
Institute seeking new positions and to Sus- 
taining Member companies wishing to give 
notice of positions vacant. Notices will be 
published for two consecutive months and 
will thereafter be discontinued, unless their 
reinstatement is specifically requested. A 
Box No., to which enquiries may be ad- 
dressed (c/o The Secretary), will be as- 


Mechanical Engineer: To supervise small 
precision machine shop. Must have (a) 
Higher National Certificate, or equiva- 
lent; (b) 20 years’ practical experience 
in small organization and fully conver- 
sant with aircraft materials and standards; 


age, education, qualifications, experi- . 
ence and salary required to the Indus. 
trial Relations Manager, Northwest In- 
dustries Ltd., P.O. Box 517, Edmonton, 
Alta. 


(c) ability to estimate and process 
machinery operations, (d) design and 
supervise manufacture of jigs and fix- 
tures; (e) drive and ability. Apply in 
writing to the General Manager, Can- 
adian Flight Equipment Cobourg Ltd., 
66 Swayne St., Cobourg, Ont. 


Trainees: From time to time we have 
openings for young men 17 to 25 inter. 
ested in careers in aviation to participate 
in our trainee programme. Applicants 
should have eleventh grade education, 
although this is not essential, and must 
be mechanically inclined. Trainees 
employed in our shops while taking in- 
ternational correspondence schools 
course at home. Good pay — cost of 
course by payroll deduction with rebate 
upon successful completion. As courses 
are in English, applicants must be Eng- 
lish speaking or completely bilingual, 
Apply in writing to: Personnel Man- 
ager, Aircraft Industries of Canada Ltd, 
P.O. Box 100, St. Johns, P.Q. 


signed to each notice submitted by an 
individual. 


The Institute reserves the right to decline 
any notice considered unsuitable for this 
service or temporarily to withhold publica- 
tion if circumstances so demand. 


Aircraft Publications Staff — Technical 
Author (Mechanical), Parts List Com- 
piler, Technical Illustrator: Required by 
an aircraft repair and modification plant 
in Edmonton, Alta. Applicants must 
have had at least 3 years’ experience in 
aircraft publications work. Good salaries 
plus re-location expenses in approved 
cases. Medical and hospitalization bene- 
fits plus a Pension Plan after qualifying 


Position Required 


Box 106 Technician: Seeks position as 
Powerplant Technician. 17 years’ ex- 
perience covers supervision of mainten- 
ance, test and instrumentation of various 
types of piston and gas turbine engines. 
Also experience with test cells and fly- 
ing test beds. 


EDUCATION AND TRAINING 


Ontario Department of Education ing applications for its One-year Di- 
ploma Course in Experimental Aero- 
dynamics for the year October 1959 to 
July 1960. The course is open to suit- 
ably-qualified graduate engineers and 
scientists, who must be fluent in either 
English or French. There are no fees 
for the course and there are a number 
of student fellowships to cover living 
expenses. 


The Correspondence Courses Branch 
of the Ontario Department of Educa- 
tion has drawn attention to its Voca- 
tional Courses which are available to 
residents of the Province. These courses 
for tradesmen include Machine Shop 
Practice and Radio Theory and Prac- 
tice; the fee is $10.00 a course. Further 
information and application forms can 
be obtained from: 


The Director, 

Correspondence Courses Branch, 
Department of Education, 

206 Huron St., 

Toronto 5, Ont. 


Application forms and further details 
can be obtained from C.A.I. Headquar- 


ters or from: 


The Director, 

Training Center for Experimental 
Aerodynamics, 

72, Chaussee de Waterloo, 

Rhode-Saint-Genese, 

Belgium. 


Training Center for Experimental 
Aerodynamics 


The T.C.E.A., which was set up in 


1956 at Rhode-Saint-Genese, Belgium, 
for the use of NATO nations, is invit- 


Applications must be filed by the 18th 
April, 1959. 


Canadian Aeronautical Jo 








